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INTRODUCTION 
The first report of a favorable influence of vitamin E on the vitamin 
A nutrition of animals was reported in 1940 in the rat. Since that time, 
numerous articles from many different researchers have shown similar re­
lationships. Growth trials of vitamin A and E depleted rats fed critical 
levels (0.5-1.0 mg. daily) of vitamin E with critical equal weights (1-2 
meg. daily) of either ^-carotene or vitamin A have resulted in similar 
growth responses. This favorable effect of vitamin E on the conversion 
of carotene to vitamin A has been shown in several different laboratories 
and gives support to the central fission theory of the conversion of caro­
tene to vitamin A vs. the terminal oxidation theory which appears to be 
accepted by the majority of researchers. The favorable influence of 
vitamin E has been shown with both carotene and vitamin A and has improved 
the nutrition of each regardless of method of administration (fed, in­
jected or applied topically). 
Large amounts of vitamin E have shown not to aid but to suppress the 
conversion of carotene to vitamin A. Vitamin E in large amounts has been 
postulated to suppress the oxidative processes involved in the enzymatic 
conversion of carotene to vitamin A, Large amounts of vitamin E have 
failed to show detrimental effects on vitamin A supplementation. 
A few scattered articles dating back to 1933 show that vitamin A 
may favorably influence the vitamin E nutrition of rats. Some later re­
ports show that vitamin A supplementation either has no effect or decreases 
the vitamin E nutrition of animals. Additional research and more precise 
methods of vitamin E analyses are needed in order to determine the effect 
that vitamin A has on the vitamin E nutrition of animals. 
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These studies were originally undertaken to determine what factor or 
factors may be responsible for increasing the vitamin A requirements of 
finishing beef cattle and later to see more specifically if vitamin E 
was involved. The interrelations of vitamins A and E were evaluated on 
their effects upon feedlot performance, carcass characteristics and blood 
and liver vitamin A and E values. 
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REVIEW OF LITERATURE 
Vitamin A and E Interrelations in Non-ruminants 
Moore (1940) was the first to observe the effect of a vitamin E 
deficiency on the vitamin A liver reserves of animals. He found that 
the vitamin A reserves of rats which had been kept for prolonged periods 
on a diet deficient in vitamin E and in which 1,000 lU vitamin A (as 
halibut liver oil) was supplied once weekly were always much lower than 
those of control rats receiving equal amounts of vitamin A plus supple­
ments of vitamin E, He also observed that the rats which received sup« 
plemental vitamin E were considerably heavier and were somewhat more ef­
ficient in converting carotene to vitamin A based on liver vitamin A 
stores. Additional work by Davies and Moore (1941) showed that vitamin E 
increased the time required for depletion of liver vitamin A stores. In 
rats restricted to a diet deficient in both vitamins A and E, the liver 
reserves of vitamin A were depleted much faster than in rats given weekly 
1 mg. dl-c^-tocopheryl acetate. A prolonged vitamin E deficiency led to 
a secondary deficiency of vitamin A, as indicated by the disappearance of 
vitamin A from the liver. A growth advantage was again observed in the 
rats which received supplemental vitamin E. 
Bacharach (1940) reported on a series of experiments in which vitamin 
A was fed at the daily rate of 180-260 lU as cod liver oil. He found that 
daily supplemental additions of dlwo^-tocopheryl acetate in prophylactic 
and curative doses (0.04 to 0.065 mgj for 10-14 days had no effect on 
rat growth or liver vitamin A storage. However when he added 0.9 mg. 
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vitamin E daily, he observed a 31% increase in liver vitamin A but very 
little difference in growth. 
Sherman (1941a) obtained a 48% increase in rat growth from vitamin E 
supplementation (1 mg, ©^-tocopherol daily) when the vitamin E was fed to 
vitamin A deficient rats receiving daily 2 meg. ji-carotene. He also found 
that the addition of 1 mg, .^'-tocopherol counteracted the growth depression 
observed when 0.05 gm. of either methyl linolate or methyl linolenate was 
fed. He postulated that in the absence of .^[-tocopherol there was a physi­
ological antagonism between unsaturated fatty acids and carotene which 
resulted in the inefficient utilization of carotene. In a related article 
(1941b), he obtained similar growth responses from feeding daily 0.1 ml, 
natural oils high in tocopherols to vitamin A deficient rats supplemented 
daily with 1 and 2 meg. carotene. Oils low in tocopherols offered no ap­
preciable effect on growth. In 1942, he reported that the destruction of 
carotene by unsaturated fatty acids occurred mainly in the intestine, since 
feeding the carotene and methyl linolate on alternate days removed the an­
tagonism. Furthermore, methyl linolate fed during a vitamin A depletion 
period did not affect the time required to produce a vitamin A deficiency. 
In order to prevent the destruction of carotene administered orally, 
vitamin E had to be fed with the carotene and methyl linolate as carotene 
destruction occurred when vitamin E was fed on 1 day followed by the 
feeding of carotene and methyl linolate on the next. Direct proof of 
intestinal destruction of carotene by methyl linolate and protection by 
vitamin E was obtained from analysis of the gastrointestinal contents of 
the rats after they had received various combinations of carotene, methyl 
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linolate and vitamin E. Similar results were obtained by Quackenbush. 
et al. (1941, 1942) when they observed that the daily administration of 
5 meg. ^-carotene in 1 drop of ethyl linolate failed to restore growth in 
vitamin A deficient rats. When varying levels of dl" ^-tocopherol were 
also fed (2, 4, 6 and 10 meg,), growth was improved with the 2 lowest 
levels of supplementation (2 and 4 meg.) with the largest growth re>-
sponses being obtained when the highest levels of tocopherol (6 and 10 
meg.) were fed. In addition, various antioxidants were tested both in 
vitro and vivo to test their effects on maintaining the stability of 
carotene. They showed that if an antioxidant was effective in maintain­
ing the stability of carotene in vitro, that this may not be the case in 
vivo. Nevertheless, they concluded that in promoting a biological re­
sponse to carotene the tocopherol functioned as an antioxidant in the 
gastrointestinal tract rather than as a vitamin, regulating some phase of 
metabolism in the tissue. 
Hickman et al. (1942) in the first of a series of papers from the 
same laboratory reported the effect of feeding 3 forms of vitamin A over 
a wide dose range of mixed tocopherols (0.0 to 2.0 mg./day) on the growth 
of young rats depleted of vitamin A, The feeding of mixed carotene (90% 
r, and 10% c^-) offered the most striking effect. Rats fed daily 1.0 meg. 
mixed carotene lost weight when less than 0.05 mg. tocopherols were fed, 
gave the largest growth response when 0.5 mg. tocopherols were fed and 
decreased in growth as higher levels of tocopherols were fed. Rats given 
daily either 0.57 meg. vitamin A alcohol or 0.48 meg. vitamin A acetate 
grew the fastest when 0.1 mg. tocopherols were fed, with higher levels of 
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tocopherol only slightly depressing growth. The mutual effect was most 
apparent when the vitamins were fed simultaneously. Feeding vitamins A 
and E on alternate days or giving vitamin E during a preliminary vitamin 
A depletion period diminished the effect. They concluded that the first 
function of vitamin E was that of preserving the vitamin A before and per­
haps during intestinal absorption with a secondary effect of preserving 
vitamin A at the site of utilization in the body. Jensen et (1943) 
observed a remarkable growth response from feeding 0.2 mg. tocopherols to 
young vitamin A depleted male rats which were fed a diet low in vitamins 
A and E but supplemented with 1,2 meg. carotene (90%107oc<!«) over a 
40-day period. Hickman et al. (1944a) observed that mixed tocopherols 
enhanced the growth promoting power of vitamin A alcohol, vitamin A 
acetate and U.S.P. vitamin A reference oil and increased both the time 
required to deplete young rats of vitamin A and the survival time after 
vitamin A supplementation had ceased. Harris et al. (1944) observed that 
0.5 mg. mixed tocopherols was the optimum daily dose to demonstrate the 
sparing action of vitamin E on carotene. The most pronounced results were 
obtained when rats were fed 0,8 or 1.2 meg. carotene daily with less pro« 
nounced results being obtained when a higher level of carotene (4,7 meg.) 
was fed. When the higher level of carotene (4.7 meg.) was fed, the sup^ 
plementation of a higher level of tocopherol (1.5 mg.) failed to decrease 
growth as was observed when a lower level of carotene (0,8 or 1,2 meg.) 
was fed. This they explained on the basis that the higher level of caro­
tene was considered somewhat above the marginal requirement and a small 
depression of synergy did not leave the rats appreciably short of vitamin 
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A. In an additional study when 30 meg. carotene was fed daily, rat 
gains were not decreased when tocopherol additions as high as 5 mg. were 
fed daily. Hickman et al. (1944b) concluded that the sparing action of 
tocopherols for carotene and vitamin A was due chiefly to repression of 
oxidation in and near the gastrointestinal tract. They recovered carow 
tene and other oxidizable substances from feces in proportionately greater 
quantities after simultaneous feeding of tocopherols. The magnitude of 
increase in recovery was nearly 2:1, being of the same order as enhancement 
of carotene utilization by the rat when fed equivalent quantities of extra 
tocopherols. 
Guggenheim (1944) fed vitamin A depleted rats a vitamin A free diet 
plus either 100 lU vitamin A or 0.08 mg. carotene plus varying levels of 
c^-tocopherol (0.0, 0,1, 0.5, 2.0, and 10.0 mg. daily). In an additional 
study, he fed carotene from various plant sources. In both cases, the 
rats received the diets for 2 successive days. On the fourth day the 
rats were sacrificed and their livers were analyzed for vitamin A. He 
found that the utilization of vitamin A and carotene dissolved in dif­
ferent oils and carotene from various plant sources varied according to 
the vitamin E content of the oil and the plant sources. Increasing levels 
of (^«tocopherol increased both liver vitamin A storage and the amount of 
carotene excreted. He concluded the tocopherol acted by protecting caro­
tene and vitamin A against oxidation in the intestine, resulting in an 
increase in their absorption and excretion. Popper and Volk (1944) in a 
fluorescent microscopy study observed that tocopherol did not influence 
the absorption of vitamin A when 15 mg. c^-tocopherol was given with 
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25,000 lU vitamin A to rats. Rao (1945) observed that young rats de­
pleted of their vitamin A reserves responded to 1 meg, -carotene dis­
solved in either 100 mg. groundnut, olive or coconut oil at a growth rate 
which was dependent upon the vitamin E content of the respective oil. 
The growth responses from the 3 oils over a 5-week period were 22, 16 
and 7gm. and the vitamin E contents of the oils were 386, 175 and 0 meg./ 
gm., respectively. The administration of tocopherol without carotene 
failed to maintain growth. 
Lemley ^  al. (1947) fed vitamin A and E deficient diets to rats 
already deficient in both vitamins and showed that small additions of 
0.025 mg. mixed tocopherols daily to rats supplemented with 2,04 lU vita­
min A daily as cod liver oil increased weight gains 13 gm. over a 28-day 
period. In another study, they found that 0,3 mg. mixed tocopherols 
daily increased rat gains about 12 gm, over a 28-day period when either 
2.04 or 4.08 lU vitamin A were fed daily, but that no effect was observed 
when 0,0 or 8.16 lU vitamin A or higher levels up to 32,64 lU were fed. 
Tocopherols exerted a supplementary effect on vitamin A utilization whether 
the vitamin A and tocopherols were given together or on alternate days. 
A water soluble preparation of tocopherols administered parenterally by 
injection was also shown to increase the growth response from vitamin A. 
They thus concluded that the supplementary action of vitamin E on vitamin 
A was not confined to the digestive tract but was more extensive in scope 
than was generally assumed. They further showed that the effect of toco­
pherols on the storage of vitamin A in the liver of the rat cannot be 
demonstrated when a short term supplementary period is employed. Vitamin E 
9 
additions at the rate of 0.3mg. daily of mixed tocopherols had no effect 
on vitamin A storage over a 3-day period when 63, 250 and 500 lU vita­
min A were fed daily, slight effect over a 3-day period when 1,000, 2,000 
and 4,000 lU vitamin A were fed daily and a jpronounced effect over a 3-and 
6-month period when 100 and 200 lU vitamin A were fed daily. Hie favor* 
able effect of tocopherols on the storage of vitamin A during the longer 
test periods was diminished by raising the daily intake of vitamin A from 
100 to 200 lU. 
Kemmerer et al. (1947) observed that 0.5 mg. daily of o^-tocopherol 
failed to affect the utilization of 60 meg. carotene (supplied as spinach) 
based on rat .liver vitamin A storage. These results would appear to be 
expected based on the vitamin E content of their basal ration. 
When 4«5 week old rats were fed a purified diet deficient in both 
vitamins A and E in a 42-day trial and were given 1 drop of fish liver 
oil (4,200 lU vitamin A) on trial day zero, McCoord et al, (1947) observed 
that the daily supplementation of 0.5 mg, mixed tocopherols had a con­
siderable sparing effect on liver vitamin A stores. In addition, the 
vitamin E supplementation increased growth of the male rats, but had no 
effect on the growth rate of the female rats. When 2 drops of fish liver 
oil were given to 11-12 week old rats on trial day zero, daily supple­
mentation with 1.0 mg. mixed tocopherols over a 64-day period only slightly 
spared liver vitamin A stores. 
Foy and Morgareidge (1948) stated their data indicated that 2 types 
of factors were operative in influencing the biological response to vitamin 
A when feeding different oil diluents and rations: (1) protective factors, 
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such, as tocopherols, tending to increase the response, and (2) inhibitive 
factors, essentially uncharacterized, tending to lower the response. 
Johnson and Baumann (1948) fed daily graded levels of from 0,0 to 
10,0 mg. dl-c/mtocopherol in addition to either 40 meg,^-carotene or 40 
lU vitamin A for 14 days to vitamin A depleted weanling rats. Vitamin E 
offered little effect on the growth of the rats fed the carotene and 
vitamin A treatments or on the liver vitamin A storage of rats fed vitamin 
A, but significantly decreased liver stores of rats fed ^«carotene when 
higher levels of 5 and 10 mg, daily were fed. Tocopherol injected intra« 
peritoneally (5 mg.) depressed liver stores to about the same degree as 
when 5 mg, tocopherol was fed, but this observation must be interpreted 
with caution as the injected rats were in a poorer state of health. The 
feeding of the tocopherol 8 hours after carotene ingestion only slightly 
decreased liver stores. In an attempt to determine if the deleterious 
effect of the tocopherol on the utilization of carotene was exerted dur­
ing the conversion of carotene to vitamin A or prior to it by interfer­
ing with the absorption of carotene or by hastening its destruction, fecal 
carotene analyses were performed while diets were supplemented with 0,0, 
0,5, 5.0 or 10,0 mg, (^-tocopherol with single doses of 44 meg, J-carotene. 
The amounts of carotene found in the feces were very uniform and repre« 
sented 45,4 to 48,2% of the amount ingested. Thus the diminished storage 
of vitamin A could be attributed neither to an impaired absorption of 
carotene nor to any unusual destruction of the pigment in the digestive 
tract. The alternative remained that tocopherol might have interfered with 
the conversion of carotene to vitamin A in the body. 
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Sherman (1947) fed vitamin A depleted weanling rats a purified diet 
supplemented daily with either 2 meg. ^«carotene or 1 meg. vitamin A al« 
cohol with and without 1 mg.c^-tocopherol. An additional treatment con­
sisted of 1.15 meg, vitamin A acetate. A marked superiority of the caro* 
tene over the vitamin A alcohol or acetate was observed in regard to both 
growth and mortality. Supplementing the tocopherol to the carotene and 
vitamin A alcohol treated rats increased gains and eliminated any mor­
tality of both groups. The rats receiving the carotene plus tocopherol 
gained almost twice as much (45 gm. more) as the rats receiving the vita­
min A alcohol plus tocopherol. Koehn (1948) fed varying levels of 
^-carotene (0.75-2.00), vitamin A alcohol (0.50«1.25) and vitamin A ace­
tate (1.15 and 2.30 meg.) plus 1.0 mg. <={-tocopherol daily for 6 weeks 
to vitamin A depleted rats fed a purified diet. Based on rat weight gains, 
the results indicated that ^«.carotene and vitamin A alcohol had equal 
biological activities. Similar results were obtained by feeding ^ -carotene 
and vitamin A acetate at stoichiometrically equivalent levels. The data 
thus indicated that ^-carotene when fed to rats with adequate =<>-
tocopherol was converted quantitatively into vitamin A^ Similar results 
were obtained by Burns et al. (1951). They fed vitamin A and E depleted 
weanling rats a purified diet for 6 weeks supplemented daily with either 
0.0, 0.5, 1.0 or 2.0 mg. (=(-tocopherol and either 1 meg. ^-carotene or 
vitamin A. The beneficial effect of tocopherol on ^«carotene utilization 
was generally more pronounced than that for vitamin A, When 1.0 mg. 
tocopherol was fed daily there was no significant difference in growth 
obtained from feeding equal weights of either vitamin A or $-carotene. 
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Of the 4 levels of tocopherol fed, 1.0 mg. daily was the optimum for both 
vitamin A and carotene. A daily dose of 2.0 mg. tocopherol diminished sig­
nificantly the growth of those fed i-carotene and to a lesser extent 
those fed vitamin A. The livers of all groups contained too little vitamin 
A to produce a blue color with antimony trichloride. However there was 
evidence of some storage as when vitamin supplementation was discontinued, 
the rats which had received ^-carotene lived an average of 39 days vs. 27 
days for those that had received vitamin A. 
Popper ^  al, (1948) observed no difference in the vitamin A liver 
stores of vitamin A deficient rats given 1 dose of 0.6 mg. carotene 
(90% §-') with or without 0.6 mg. mixed tocopherols or of 1 dose of 400 lU 
vitamin A with or without 0.24 mg. mixed tocopherols 16 hours post in­
gestion. When vitamin A deficient rats were given 200 lU vitamin A with 
and without 0.12 mg. mixed tocopherols daily for 15 and 21 days, liver 
reserves were about twice as large for those receiving tocopherols in 
comparison with those not receiving the tocopherols. Similar results were 
seen in vitamin A deficient rats which received daily quantities of 0.3 mg. 
carotene with and without 0.3 mg. mixed tocopherols over 19- and 21-day 
periods. They stated that the failure of the simultaneous administration 
of tocopherol with 1 dose of vitamin A or carotene to alter the amounts 
of vitamin A stored in the liver indicated that tocopherol does not in­
fluence deposition of vitamin A into the liver. They further stated that 
since the liver contained more vitamin A after repeated doses of vitamin A 
or carotene with tocopherol, a protection in the liver itself was suggested. 
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They concluded that the tocopherols appeared to partly inhibit the 
physiologic destruction, of vitamin A in the liver. 
Miles et al. (1949) observed in vitamin A bio-assays involving 
vitamin A and E deficient rats that dl-> cx^ftocopherol increased rate of 
gain during the assay period and extended life 30=80% during the post 
assay depletion period. Of the 3 levels of tocopherol fed (0.0, 0,5 
and 1,5 mg, daily), 0,5 mg, was the optimum dosage. 
When the daily carotene dosage was between 45-140 meg, during a 14-
day period, Morgan and Hebert (1951) observed that a daily supplement of 
0,5 mg. c^wtocopherol increased rat liver vitamin A reserves. Lower and 
higher levels of carotene intake resulted in tocopherol depressing vitamin 
A storage. They observed a depression of growth accompanying the increase 
in liver vitamin A due to tocopherol supplementation with carotene, Hiey 
concluded that this indicated tocopherol induced storage of vitamin A 
ordinarily utilized in growth. In adrenalectomized rats, carotene trans-
formation occurred but its absorption was impaired. This condition was 
alleviated by cx^tocopherol. In a later study, Hebert and Morgan (1953) 
fed vitamin A or carotene (equivalent to daily supplements of 35«129 meg. 
vitamin A and 24-174 meg. carotene) 3 times weekly to male vitamin A and 
E deficient rats. The addition of 0.5 mg. o<^-tocopherol to the vitamin A 
treated rats produced a nonsignificant change in both liver vitamin A 
stores and in weight gains during 14-and 28-day trials. However, toco­
pherol additions tended to increase the liver reserves of those fed 75 
meg. vitamin A or less and tended to slightly depress weight gains with 
almost all levels of vitamin A fed. Serum vitamin A was variable, but 
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tended to increase with tocopherol supplementation. Tocopherol additions 
to those fed the carotene produced a significant increase in liver vita­
min A when the daily intake of carotene was over 87 meg. with no effect ob­
served when the intake was less than 87 meg. As in their earlier vitamin 
A study, they observed a tendency for the animals which received carotene 
and tocopherol and which stored greater quantities of vitamin A to gain 
less weight than those receiving carotene alone. In a third experiment, 
tocopherols added at levels of 0.0, 0.5 or 1.0 mg. to either 43 or 86 
meg, carotene slightly increased both growth and liver vitamin A over a 
14-day period with the 1,0 mg, addition offering the best response. 
In the first of a series of studies, High and Day (1951) observed 
that a high level of tocopherol decreased the utilization of carotene as 
evaluated on the basis of kidney and liver vitamin A values. They sup­
plemented daily 10 mg, c<-tocopheryl acetate along with 30 meg, carotene 
(85%and to vitamin A depleted weanling rats over a short period 
of 13-16 days. No difference was observed in weight gains. In an attempt 
to see if high levels of antioxidants would offer the same depressing 
action on carotene utilization as observed with vitamin E, High et al, 
(1952) fed vitamin A deficient rats 30 meg. carotene (90%^- and lOX»^) 
with and without 10 mg. tertiary butylhydroquinone or octylhydroquinone 
for 20 days. Both antioxidants decreased the utilization of carotene 
based on tissue deposition of vitamin A and offered a slight but non­
significant decrease in weight gains. When small (0,5 mg,) and large 
(10,0 mg,) amounts of octylhydroquinone were administered along with 33 
meg. carotene for 20 days, weight gains and liver vitamin A were increased 
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with the low level of antioxidant and decreased with the high level of 
antioxidant. These data thus parallel earlier findings on the effects of 
vitamin E on the utilization of carotene. In a later study, High ^  al. 
(1954) fed vitamin A deficient weanling rats 33 meg, carotene (90% 
and 1Ô%"4-) for 25 days with and without 10 mg, of three different 
antioxidants [ditertiary butyl"4«hydroxyanisole (TBA); 2,5«ditertiary 
butylhydroquinone (DTBH) and octylhydroquinone (CH)]. ïîie antioxidants 
decreased liver vitamin A stores from 78 to a range of from 32-45 meg. 
When 13 meg. vitamin A was fed daily for 20 days with and without 10 mg, 
tocopheryl acetate or 10 mg, of 2 antioxidants [OH, or monotertiary 
butylhydroquinone (MTBH)], no difference was observed in liver vitamin.A 
reserves indicating these substances affected carotene prior"to and/or 
during its conversion to vitamin A, In order to determine the effects 
of the antioxidants on the absorption of carotene in the alimentary 
tract, young rats were fed 33 meg, carotene with and without 10 mg, DTBH 
or TBA, Feces were collected daily every 24 hours over a 4-day period. 
They observed no significant differences in fecal excretion of carotene 
between treatments and concluded the effects of these antioxidants were 
not concerned with the absorption of carotene in the alimentary tract. 
When carotene was fed in a rancid oil, fecal excretion of carotene was 
increased in the presence of the antioxidants. To test the possibility 
that the antioxidants in large amounts might exert a prooxidant effect 
on carotene, they added to test tubes 75 meg. carotene in olive oil with 
and without 25 mg. OH, DTBH and TBA and placed the tubes in a 60° water 
bath. Oxygen was bubbled into each tube at the same rate and aliquots 
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from each tube were removed at 2, 6, 12 and 24 hours and analyzed spec-
trophotometrically for carotene. In all cases, the antioxidants markedly 
protected the carotene against oxidative decomposition with no prooxidant 
effect being observed. That the antioxidant might decrease the absorp­
tion and accelerate the decomposition in the alimentary tract in such a 
manner that the 2 opposing effects would counterbalance was not felt to 
be the case since the antioxidants markedly protected carotene from oxi­
dative decomposition _i^ vitro. They concluded following their 1951 and 
1954 studies that the locus of action of the antioxidants as well as of 
vitamin E in large amounts was in the intestinal wall or at the site of 
conversion of carotene to vitamin A and that the mode of action was con­
cerned either directly or indirectly with a suppression of the oxidative 
processes involved in the enzymatic conversion of carotene to vitamin A. 
In 1956, High reported similar data which strengthened this conclusion. 
He fed vitamin A deficient rats daily for 21 days either 34 meg, carotene 
(90% and 10% or 13 meg. of vitamin A with and without 10 mg. 2,6-
ditertiary butyl-4-methy1phenol (DBMP), DBMP decreased the vitamin A 
deposition from carotene but had no effect on utilization of preformed 
vitamin A, No significant differences were observed in growth within 
carotene or vitamin groups due to DBMP. In a second trial, vitamin A de­
ficient rats were fed 34 meg. carotene for 21 days with and without 10 
mg. d-«^-tocopherol, DBMP or N,N'-diphenyl-p-phenylenediamine (DPPD). Both 
DBMP and d-=<-tocopherol significantly decreased with DPPD having no ef­
fect on liver vitamin A deposition. No significant differences in growth 
or in the quantity of carotene excreted were observed among the groups. 
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Dam ^  al. (1952) observed that the addition of 0.01% dl«o<l« 
tocopheryl acetate added to vitamin E deficient diets containing 10% or 
20% cod liver oil caused marked increases in the deposition of vitamin A 
in the livers of young female rats after a 14-week experimental period. 
When cod liver oil was replaced by lard or when fat was omitted from the 
diet, tocopherol additions only slightly increased vitamin A storage. 
Weight gains were not affected by the vitamin additions under any of the 
various experimental conditions. 
Swick and Baumann (1952) fed vitamin A deficient weanling rats 
either 40 meg. ^«carotene or 40 lU vitamin A plus various amounts of dif» 
ferent tocopherols for 15 days. The addition of 2.5 mg.c^-tocopherol was 
variable in its effect on decreasing liver and kidney storage from 
carotene additions with higher levels definitely decreasing storage. 
Gamma-tocopherol affected carotene metabolism similar to «tocopherols; 
however, ^-tocopherol was without effect when fed as high as 7,5 mg./day. 
Alpha-tocopheryl acetate was more active mole for mole than the free al­
cohol. Tocopherol additions to rats fed vitamin A were without effect on 
liver and kidney stores when fed in levels up to 15.0 mg./day. They pro­
posed that the mechanism of tocopherol suppression on carotene utilization 
was either a diminished absorption of carotene, or an interference in the 
reaction by which carotene was converted into vitamin A. 
Bieri and Pollard (1954) fed vitamin A depleted male weanling rats 
a vitamin A free diet supplemented either orally or intravenously with 
a single dose of 18.8 meg. ^«carotene and 0.3 mg. dl-o<^-tocopherol. 
They observed similar gains for both groups through the first 12 days at 
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which time gains of the injected animals began to taper off. Both groups 
reached their maximum gains on the 18th day with the orally treated rats 
showing some weight gain advantage (79 vs. 71 gm,). In a curative study, 
they observed the growth responses of female rats which had shown signs 
of vitamin A deficiency for 2-3 days and then received orally or intra­
venously a single dose of 5.2 meg. carotene with or without 0.3 mg. 
tocopherol. Rats which received injections of carotene with or without 
tocopherol had similar weight gain depressions and after 16 days had lost 
about 9 gm. Those receiving the carotene orally with and without toco­
pherol gained about 5 gm. through day 8. Those receiving only carotene 
showed a maximum weight gain of about 7 gm, on day 10 and then decreased 
in weight to about «3 gm, at the end of 15 days. Those receiving carotene 
plus tocopherol reached their maximum gain of 12 gm. on day 11 and then 
decreased to about 4 gm, on day 16, Similar results were also observed 
with males. When an additional curative experiment was conducted with a 
single dose of 18.8 meg. carotene and 0.3 mg. tocopherol, the injected 
rats gained the same as the orally treated rats (54 vs. 56 gm. respective-
ly). 
In following studies, Bieri (1955) again injected carotene intra­
venously to circumvent the factors of destruction and absorption in the 
intestine. He stated that if tocopherol affected the enzymatic oxidation 
of carotene to vitamin A, it might be expected that utilization of injected 
carotene would be altered by increased levels of tissue tocopherol. Wean­
ling male rats depleted of vitamin A were fed a diet low in vitamin E and 
supplemented by stomach tube 0, 4, 10 or 20 mg, tocopherol daily for 5 
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successive days. Two days following the last tocopherol dose they were 
given a single dose of 13.6 meg. «carotene intravenously. Maximum weight 
gains were obtained 17-18 days post injection of carotene. Increasing 
the c^ttocopherol in the body of the vitamin A deficient rats prior to 
injecting the carotene did not decrease the growth response to carotene, 
if anything it may have slightly increased the growth response. A second 
group of- rats was fed a vitamin A free, low tocopherol diet containing 
10% lard. For 4 successive days, they were given 0,00, 0.01, 0.05 and 
0,10 mg. ©(^-tocopherol by stomach tube followed by intravenous injection 
on the next day of 12.3 meg. carotene. Again tocopherol had no effect 
on carotene utilization. A third group of vitamin A depleted rats was 
given 0 or 20 mg.c^-tocopherol orally for 3 successive days. Seven days 
later they were given a single injection of 88 meg. carotene/100 gm. 
bodyweight. Twenty-four hours following the carotene injection, the heart, 
lungs and testes of the tocopherol treated rats showed considerably more 
tocopherols in their tissues than those not fed tocopherol, but liver and 
kidney vitamin A values were unaffected. These studies indicated that 
when the tissue tocopherol levels were increased above normal and carotene 
was injected intravenously, no inhibition of carotene conversion occurred. 
As carotene injected intravenously was transformed to vitamin A predomin­
antly in tissues other than small intestines, they concluded that the in« 
hibitory effect of tocopherols on orally administered carotene, under 
some conditions, was on the stability and absorption of the pro-vitamin 
in the intestine and not on the actual enzymatic conversion to vitamin A, 
Similar studies were conducted by McGillivray and Worker (1957), 
They evaluated 5 methods of carotene administration on the basis of liver 
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vitamin A reserves 4 days post administration. They observed about equal 
conversion of 400 meg. carotene (about 88% when administered either 
orally or intravenously to partially vitamin A deficient rats. Carotene 
injected intraperitoneally was utilized almost as well as with the above 
2 methods of administration. However, when injected intramuscularly, 
carotene was utilized only one-third as well as when injected intra­
venously with the subcutaneous injection of carotene being poorly utilized. 
At slaughter, large quantities of carotene remained at the site of intra­
muscular and subcutaneous injections. In additional .studies, they observed 
that increasing levels of o<f-tocopheryl acetate (1-100 mg.) progressively 
decreased hepatic vitamin A stores when simultaneously injected intra­
venously with either 200 or 400 meg. carotene. The effect on blood vita­
min A was somewhat variable, but these values also tended to decrease 
with higher levels of tocopherol. They stated that whatever the reaction 
involved, there appeared to be marked similarities between the mechanism 
of breakdown following oral or intravenous administration of carotene as 
tocopherols have been shown to affect the utilization of both orally and 
intravenously injected carotene. They further stated that the antioxidant 
properties of tocopherol would explain the inhibitory effect if the 
mechanism of the conversion of carotene into vitamin A involved oxidation. 
They suggested that the conversion of the intravenously administered caro­
tene into vitamin A resulted primarily from a random oxidation of the caro­
tene and that at least the initial stages of the oxidation occurred in the 
blood. 
In 1958, they again observed that high levels of tocopherol in the 
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blood and tissues inhibited the conversion of carotene to vitamin A. They 
also showed that with an intravenous injection of 20 mg. «(«tocopheryl 
acetate, they could recover approximately 75% of the dose in the blood 
after 5 minutes, about 5% after 1 hour and essentially 0% at 24 hours. 
Of four tissues examined (blood, liver, lung, kidney), the total recovery 
was about 90% at 5 minutes and this level gradually decreased with time 
to 10% at 24 hours. The concentration in the liver gradually increased 
until it peaked at a concentration of 100 times the controls at 1 hour 
and then decreased to about 17% higher than the controls at 24 hours. 
They observed considerable differences in the conversion of carotene 
to vitamin A based on liver vitamin A stores which were dependent upon 
whether 20 mg. o^Ctocopheryl acetate was injected intravenously and 
simultaneously with, preceding or following the intravenous injection of 
400 meg. ^ -carotene. When tocopherol was injected intravenously and 
simultaneously with the carotene, they observed a 43% drop in blood vita­
min A and an 82% decrease in liver vitamin A, Tocopherol injected 5 
minutes preceding the carotene resulted in very similar results or a 36% 
drop in blood vitamin A and a 74% decrease in liver vitamin A. Blood 
and liver vitamin A values of the rats injected with the tocopherols com­
pared very similarly with those of rats not receiving the tocopherol in­
jections when the tocopherol injections preceded the carotene injections 
by 2 hours in the case of blood vitamin A and 24 hours in the case of the 
liver vitamin A with there being little difference in both groups in blood 
and liver vitamin A when the tocopherol injections preceded the carotene 
injections by as short a time as 1 hour. When tocopherol was injected 5 
minutes following the carotene, blood vitamin A was essentially the 
same as normal; however, the liver vitamin A decreased 64%. Blood and 
liver vitamin A values were normal when tocopherol followed carotene in­
jections by 15 minutes or more. When a 400 meg, carotene dose was in­
jected intravenously, carcass carotene progressively decreased during a 
24 hr. period from 400 to 230 meg. and carcass vitamin A progressively 
increased from 1,8 to 26 meg. They stated that as long as reasonably 
high levels of carotene remained in the blood, vitamin A was formed at 
some extra-hepatic site and transported to the liver via the blood. In 
view of this apparent formation of vitamin A over 24 hours, they were 
surprised to find that when tocopherol was injected after the carotene, 
liver storage of vitamin A was depressed only at the 5 minute interval and 
that conversion was normal when the injections were separated by 15 min­
utes or longer. Their most probable explanation for these observations 
was that there was an initial rapid breakdown of the carotene to an in­
termediate which was slowly converted to vitamin A. It was the formation 
of this intermediate that was probably inhibited by tocopherol and the 
formation of vitamin A during the 24 hours following injection was de­
pendent on the further breakdown of this intermediate rather than on a 
continued level of carotene in the blood. They suggested the breakdown 
of carotene to an intermediate was initiated in the blood with the inter-
mediate being slowly converted to vitamin A in perhaps many tissues of the 
body. At present all their attempts have failed to affect the conversion 
of carotene to vitamin A by incubation ^  vitro with blood nor have they 
isolated intermediates from the blood of the intact animal after carotene 
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injection or from incubated material. They further suggested the inter­
mediate could be a labile material which rapidly undergoes further oxida­
tion unless removed from the blood by tissues where its conversion to 
vitamin A could occur. They also stated that if it was only the level 
of tocopherol in the blood that influenced conversion, it would be ex­
pected that a given level of tocopherol, whether injected with the caro­
tene or resulting from a previous injection of tocopherol, would produce 
the same depression of conversion. However their results have shown that 
the tocopherol has been most effective when administered simultaneously 
with the carotene. They suggested that a difference in the physical state 
of the tocopherol may be involved, 
McGillivray (1960) further postulated that in the conversion of 
intravenously administered carotene to vitamin A there was immediately 
following the carotene injection, a rapid, unsaturated lipid-coupled oxi« 
dation of the carotene molecule, with the hemoglobin of the blood acting 
as the main hematin catalyst. The intermediate product was rapidly re­
moved from the oxidizing environment by the tissues where it was reduced 
to vitamin A. Tocopherol which, in high concentrations, has been shown 
to inhibit the conversion of carotene to vitamin A may therefore be re­
garded merely as playing its normal anti-oxidant role in a free-radical, 
unsaturated lipid oxidation. Following oral administration, they suggested 
that the mechanism of conversion was similar, with myoglobin of the tissue 
replacing hemoglobin of the blood as the hematin catalyst. They further 
suggested that the wall of the intestine contained the enzyme systems 
necessary for the reduction of retinene and the esterification of the 
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resultant vitamin A. In general, the enzyme sought or claimed to have 
been demonstrated was a relatively specific "carotenase" or lipoxidase 
which would induce oxidation either by direct attack on the central double 
bond of the ^-carotene molecule or in a stepwise manner from 1 end of the 
molecule. From their results obtained using intravenously administered 
aqueous solutions of various carotenoids, it appeared that the ability to 
initiate a suitable oxidation of the carotene molecule was not limited to 
the wall of the intestine but was probably common to a great many, if 
not all tissues including blood. While this could indicate a widely 
distributed specific enzyme system or systems capable of oxidizing a range 
of carotenoids, they suggested it seemed more likely that the breakdown 
of the carotenoid molecule involved a more non-specific type of oxidation, 
ïhey further stated that at least the initial stages of the conversion 
of intravenously administered carotene to vitamin A occurred mainly in 
the blood stream. They also stated that the catalytic activities of 
hematin compounds such as hemoglobin and myoglobin have been investigated 
and seem to be sufficiently rapid to explain the almost instantaneous ap­
pearance of vitamin A following injections of carotene. Previously un­
reported work from their laboratory had shown that the efficiency of con­
version of intravenous administration of carotene into liver vitamin A 
was increased up to threefold by incorporating in the aqueous dispersion 
of J-carotene, an unsaturated lipid such as methyl linolate, 
Sherman et a]^, (1959) compared the influence of vitamin E upon the 
storage of vitamin A from oral vs. topical administration. Vitamin A de-
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ficient rats were supplemented with either 30 meg, vitamin A or vitamin 
A plus 300 meg. vitamin E daily for 28 days. Those fed vitamin A or 
vitamin A and E orally stored approximately 5 times as much vitamin A in 
their livers and kidneys as did those receiving topical application of 
vitamin A or A and E, Vitamin E doubled the storage of vitamin A in the 
liver and kidney and slightly decreased serum vitamin A regardless of 
the method of vitamin A administration, 
O'Dell et a]^. (1960) observed in weanling rats that 0.3% potassium 
nitrite added to a vitamin A deficient basal ration produced a vitamin 
A deficiency within 6 weeks. When these same rats were then given 
carotene at the rate of 1 rag./lOO gm, ration for an additional 4 weeks, 
they showed a dystrophy typical of vitamin E deficiency. When these 
results were compared to a second group of rats which had not received 
the potassium nitrite, the results indicated that the nitrite not only 
caused a more rapid depletion of vitamin A but precipitated a vitamin E 
deficiency on a diet normally adequate in vitamin E (5 mg./lOO gm.). Fur« 
ther proof of a vitamin E deficiency was shown by the improvement in ap« 
petite and muscular coordination when vitamin E concentrate was given. 
Ames and O'Rourke (1965) studied the rapidity and extent of biologic 
cal utilization of various types of vitamin ADE injectable preparations 
by measuring the amount of vitamin A in the livers of albino rats at 
varying intervals post injection. Injectable preparations containing 
substantial amounts of vegetable oils had poor biological utilization. 
Inclusion of d-c<-tocopheryl acetate in the injectable formulation in­
creased the biological utilization of vitamin A, 
The preceding references have been more concerned with the effect 
of vitamin E upon carotene and vitamin A nutrition of rats. The follow­
ing few references willj be most concerned with just the opposite, or the 
influence of vitamin A upon the vitamin E nutrition of rats. 
Mason (1933) observed that vitamins A and E were both essential for 
the integrity of the germinal epithelial cells of the testes and that a 
deficiency of either produced distinctly different types of lesions. He 
found that the vitamin E deficiency lesions were brought about earlier 
in rats fed a diet deficient in both vitamins A and E than in those re­
ceiving a diet deficient only in vitamin E. From these data, he postu­
lated that the minimal requirement for vitamin E was increased in cells 
suffering from a concurrent lack of vitamin A. 
Kudryashov (1939) observed that rats placed on a purified diet de­
ficient in both vitamins A and E lost their vitamin E reserves 5-10 times 
faster than rats given supplemental vitamin A. 
Hickman et al. (1942) observed in an anti-sterility test that addi­
tions of 1.36 mg. mixed tocopherols (1.0 mg. ©(.-tocopherol was considered 
adequate to give a 50% litter efficiency) resulted in litter efficiencies 
of 0 and 14% when 2 groups of rats were fed no supplemental vitamin A, 
14% when 100 meg. vitamin A were fed and 43% when 300 meg. ^ -carotene were 
fed. 
Edwin et al. (1962) observed in rats fed a vitamin A deficient diet 
with and without 4 lU vitamin A/gm. of diet that the vitamin A deficient 
rats after 7% weeks had an «^-tocopherol liver storage 57% higher than 
those fed vitamin A. On an organ basis these differences were somewhat 
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smaller as livers for the deficient animals were 11% smaller. When rats 
were fed diets deficient in both vitamins A and E for 3 months with vita­
min A and E- supplemented in different combinations at rates of 10 lU/gm. 
diet vitamin A palmitate and 0.1% o<^-tocopheryl acetate, ttiey found that 
the vitamin E additions increased liver storage of vitamin A and that the 
vitamin A additions decreased storage of vitamin E, 
Brubacher ^  al^,' (1965) administered by stomach tube 200 meg. dl-c<.-
tocopheryl (S-methyl-C^^) acetate with and without 500, 5,000, 25,000, 50,000 
and 75,000 lU vitamin A or 40.8 mg, ^-carotene daily for 3 consecutive 
days to male rats fed a vitamin E deficient diet and 21 hours later ob­
served the recovery rate of the tocopherols in the liver. The recovery 
rates of the tocopherol decreased as higher levels of vitamin A activity 
were fed with the following recovery rates expressed as % recovery in re­
lation to controls which received no supplemental vitamin A activity; 
63.0, 45.2, 33.8, 33.3, 18.2 and 68.0%, respectively. They concluded that 
the vitamin E status of the rats was a genuine depletion or destruction 
of vitamin E and not merely a removal of the vitamin E from the liver, 
as the histological appearance of rat muscle from rats fed high levels 
of vitamin A and carotene resembled rat muscle from vitamin E deficient 
rats. They thus concluded that large amounts of vitamin A led to de­
struction of vitamin E. 
Several references are also included concerning vitamin A and E in­
terrelations in swine, chickens, rabbits, guinea pigs and humans « Hill 
and Funken (1957) sampled 18 slaughterhouse pigs which weighed 110 kg, 
and were of unknown history and analyzed their livers for vitamin A and 
28 
their omentum and backfat for vitamin E, They found that the vitamin A 
values of the liver tended to be higher as the vitamin E content of 
the omentum and backfat tended to be higher. In 11 pigs with low vitamin 
A and E storage, the vitamin E content of the omentum and backfat ranged 
from 1,2 to 3.1 mg./lOO gm« while liver vitamin A ranged from 1,470 to 
3,920 IU/100 gm. In the remaining 7 pigs with high vitamin storage, the 
vitamin E ranged from 3,0 to 4.0 mg. while the vitamin A ranged from 
5,320 to 9,408 lU, In another study conducted under more controlled con» 
ditions, they found the same relationship. Nine littermates were uni» 
formly fed potatoes, meal, skimmed milk and a mineral mixture. One was 
injected intramuscularly with 30 mg, vitamin E for 20 days and 5 were 
injected with 60 mg, for 14 days with 3 remaining as controls and re* 
ceiving no supplemental vitamin E, At slaughter the pigs averaged 
roughly 42 kg. The control pigs fed no supplemental vitamin E had omentum 
and backfat vitamin E values ranging from l,5in2,0 mg, and liver vitamin 
A ranging from 1,118*1,529 lU, The pigs given supplemental vitamin E 
had omentum and backfat vitamin E values ranging from 2.2—4,5 mg, and 
liver vitamin A ranging from 2,419 to 3,175 lU or about twice as high as 
those not fed supplemental vitamin E, 
Rubin and Bird (1941) fed 3»day old chicks a vitamin A deficient 
ration supplemented daily with 450 meg, vitamin A, carotene or carotene 
as alfalfa leaf meal. At the end of 56 days, liver storage was quite 
comparable for those fed carotene and vitamin A, but about two times 
less than in those fed carotene as alfalfa leaf meal, 
Patrick and Morgan (1944) observed that vitamin E (1 mg.o<Mtoco« 
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pherol/100 gm, ration) increased weight gains and liver storage of vitamin 
A of chicks fed a purified ration containing either 800 lU of vitamin 
A or carotene. The tests started when the chicks were Iwday of age and 
lasted for 28 days. Growth responses were very similar from the 2 sources 
of vitamin A fed, however the chicks fed the pure vitamin A showed a con» 
siderable advantage in liver storage. They stated that on the basis of 
studies in their laboratory, it appeared doubtful that a vitamin E de*» 
ficient ration could be formulated from untreated natural feedstuffs, 
Adamstone (1947) observed that young chicks reared on a ration deficient 
in either vitamin A or vitamin E showed typical conditions of motor inco« 
ordination. He found that the conditions occurring with the 2 vitamin de« 
ficiencies were difficult to distinguish on the basis of clinical symptoms, 
but both were associated with destruction of nerve cells in characteristic 
regions of the brain. In vitamin E deficient chicks the lesions were 
found typically in the cerebellum, while in vitamin A deficient chicks the 
lesions were mostly in the brain stem, optic chiasma and base of the cerew 
bellum. He further noted that although the vitamin E deficient birds were 
receiving vitamin A supplements at levels which should have given com» 
plete protection, the fact that lesions characteristic of vitamin A 
deficiency regularly occurred in their brains suggested that an intiw 
mate relationship existed between the 2 vitamins. He concluded that 
the relation was either synergistic or that vitamin E had a protective 
role in relation to vitamin A, Similar studies were conducted by 
Coggeshall and Bieri (1960). They fed purified diets deficient either in 
vitamin A or E to day old female chicks. When the chicks exhibited definite 
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symptoms of deficiency, they were sacrificed and sections of the brain 
were microscopically examined. The ataxia of vitamin A deficiency appeared 
after 13-19 days and progressed rapidly during the next 18-48 hrs. The 
"drunken" staggering and leg pedalling symptoms characteristic of vitamin 
E deficiency were absent. Macroscopic examination of the brains and spinal 
cords revealed no abnormalities. No herniation of the cerebellar tonsils, 
pinching of spinal nerves, hydrocephalus or other signs of increased in­
tracranial pressure were observed. Microscopically, the brains showed 
only increased basophilia and pyknosis of scattered neurons located most 
frequently in the Purkinje cell layer of the cerebellum and the inner cell 
layer of the optic tectum. Vitamin E deficiency symptoms occurred from 
18-30 days of age and the typical picture was an inability of the chick to 
right itself even though it made frantic pedalling motions. Prostration, 
head retraction and emaciation eventually set in, resulting in death. 
Macrcscopically some of the brains exhibited dark red, soft areas in the 
cerebellum. Microscopically large acellular necrotic areas were observed, 
usually in the cerebellum but occasionally in the optic lobes, frontal 
lobes and brain stem, 
Johnson et al. (1948) fed 2 sources of vitamin A to vitamin A de­
pleted 2-week old chicks over a 6-weeks period and compared growth and 
liver vitamin A stores. Carotene as alfalfa leaf meal and vitamin A as 
fish oil were fed at 200, 250 and 300 IU/100 gm, feed. At each level, 
the chicks receiving the carotene grew at a faster rate and had higher 
liver vitamin A reserves than those fed vitamin A. In regards to growth, 
the differences in response between the carotene and vitamin A decreased 
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at the highest level of vitamin A activity fed. They stated that at 
higher levels of vitamin A activity, such differences would probably have 
approached zero as the level of maximum growth was attained. 
Temperton and Dudley (1949) studied the effects of adding 870 meg. ^ -
carotene/lb. of diet and 7.5 meg, dlo^«tocopheryl acetate/gm. bodyweight 
of chicks fed a ration low in these 2 ingredients from hatching to 4-weeks 
of age. Additions of vitamin E decreased mortality from 43.0 to 12,7% 
when no supplemental carotene was fed and was without effect when caro­
tene was fed (4.8 vs. 7,0), By the end of 8 weeks, nearly all of the 
chicks in the no carotene with and without tocopherol groups had died. 
The effect of adding vitamin E to the ration deficient in vitamin A was 
thus to delay mortality and not to prevent it, and may be attributed to 
a more efficient use of the initial reserve of vitamin A derived from the 
egg. 
Dam et al. (1951) in a preliminary report showed the effect of adding 
10 mg. % dl- a(-tocopheryl acetate to a vitamin E deficient basal ration 
containing 10% cod liver oil. Chicks 10-days of age were placed on this 
trial for 4 wee^s. Liver stores of vitamin A expressed as lU/gm, liver 
were 68 and 386 and weights in gm. were 161 and 226 for the basal and to-
copherol supplemented chicks. 
Potter et al. (1956) fed day old chicks a semi-purified vitamin A 
deficient ration for 1 week. At the beginning of the second weejs. they 
were given 2 levels of alfalfa leaf meal which supplied 300 or 1,200 
lU vitamin A equivalence/lb. of ration with and without 0,0125% DPPD 
and 0,0125% 2,6-ditertiary butyl-4-methylphanol (DBMP), The addition of 
DPPD resulted in a substantial increase in the amount of vitamin A and 
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carotenoids found in the blood plasma and liver after a 4"Week period. 
The greatest response was observed with the lowest level of carotene fed. 
DBMP offered only a relatively small favorable response. The effects of 
DPPD on vitamin A deposition was demonstrated in a ration containing 8 
lU added vitamin E in the form of d«=><<-«tocopheryl acetate in addition to 
the natural tocopherols in the white corn meal, soybean oil meal, and 
wheat germ oil of the basal ration. Relative responses from DPPD and 
DBMP indicated that various antioxidants have different effects on the 
utilization of carotenoids by the chicks, 
Pudelkiewicz and Matterson (1964) fed vitamin A depleted chicks, 2^ 
weeks of age a vitamin A low diet which contained per kg,: 17,6 mg, 
dlwK'-tocopheryl acetate and 0,0, 0,5, 5,0, 50,0, 500,0 or 5,000,0 mg, 
vitamin A acetate for 5, 10 and 20 days. By using what they termed a 
routine procedure using Florex chromatography for determination of liver 
tocopherols, they found that increasing dietary levels of vitamin A in* 
creased liver storage of vitamin E, However upon re-evaluating their pro* 
cedure, they found that the higher readings or values were due to either 
vitamin A or its metabolic breakdown products or both interfering with the 
Emmerie^Engel reaction. Later following hydrogénation of the tocopherol 
extract and chromatography through Florex they were able to remove the 
interference. They then found the vitamin A additions to have little in« 
fluence on liver or plasma vitamin E values up to 5,0 mg, vitamin A/kg, 
diet but that 50 mg, and higher caused a marked decrease in liver and 
plasma vitamin E values. They postulated that high intakes of vitamin A 
either directly or indirectly interfered with the absorption of tocopherol 
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or destroyed it in the intestine. 
Major and Watts (1948) worked with American white rabbits that had 
been on a vitamin A and E deficient diet until depleted of vitamin A 
stores. They supplemented the rabbits with a daily calculated dosage of 
3 mg, carotene (90% §-and 10% and either 1,0 or 11.0 mg, mixed toco» 
pherols (received orally 3 times weekly by pipette) or 11,0 mg, mixed 
tocopherols (received once weekly by intramuscular injection) for 30 or 
more days. A 4-day feces collection sample and liver storage data revealed 
no difference in either the utilization of carotene or in liver storage of 
vitamin A due to supplementing a synthetic diet with either high or low 
levels of tocopherol. Similar results were obtained when 1.5 mg, carotene 
was supplemented orally with low and high levels of tocopherol. They con­
cluded that possibly the low level of tocopherol fed may have been suffi-
cient to prevent observing a tocopherol response. 
Hill and Siegmund (1957) supplemented guinea pigs twice weekly with 
3,0 mg. vitamin E, once weekly with 0,1 ml, chlorinated naphthalene and 
twice weekly with 5,000 lU vitamin A in various combinations for 9-33 
days. They observed that vitamin E decreased considerably the destruction 
of liver vitamin A by chlorinated naphthalenes but did not protect against 
hyperkeratosis. 
Popper et (1948) observed that the human response of plasma 
vitamin A to the administration of 75,000 lU vitamin A was not altered by 
the simultaneous administration of 50 mg. mixed tocopherols when given 
orally to 13 patients or by the daily administration of 50 mg. of mixed 
tocopherols for 21 days prior to 1 large dose of vitamin A when plasma 
samples were analyzed at 0, 3, 6 and 24 hours post ingestion of vitamin A. 
Bruggen and Straumfjord (1948) studied the effect of daily additions 
of 100,000 lU vitamin A for 36 months on hospital patients. Thirty-six 
patients received the regular institutional diet and served as controls 
while 36 additional patients received the regular institutional diet plus 
large doses of vitamin A, After 18, 24, 36 and 42 months the vitamin E 
plasma values of the vitamin A supplemented patients were 15.4, 22.5, 
25.7 and 10.1%, respectively, higher than control values. It should be 
mentioned that the capsule that contained the vitamin A also contained an 
estimated incidental 3% of the estimated human daily vitamin E requirement. 
They concluded that the increased blood level of vitamin E following 
vitamin A supplementation may be related to the antioxidative effect of 
vitamin A upon the oxidative destruction of vitamin E or to a decreased 
utilization or to both. 
Vitamin A and E Interrelations in Ruminants 
After they had shown that vitamin E spared vitamin A in the nutrition 
of the rat, Harris et al. (1947) pursued similar work with dairy cattle, 
A herd of 75 registered Brown Swiss cows were used in a series of experi­
ments, They were fed grain throughout the year. When not on pasture, 
they received corn silage and chopped, field-cured hay. Four groups of 
4 c ows/group received daily supplements of either 250,000 lU vitamin A, 
1.0 gm. mixed natural tocopherols, both vitamins A and E or no vitamins 
over a 3-month lactation period. Cows receiving the tocopherols produced 
considerably more 4% milk than cows receiving vitamin A, vitamins A and E 
or no vitamins. Following these results, 14 additional cows were divided 
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into 2 groups of no vitamin E vs, vitamin E, Vitamin E supplementation 
increased milk fat concentration about 27% and total lbs, 4% milk about 
22%, The effects of supplemental tocopherol persisted even through the 
pasture feeding period. When 3 groups of 5 cows each were studied for 21 
months, the vitamin E supplemented cattle again showed a considerable in» 
crease in 4% milk over those supplemented with vitamin A or no vitamins. 
They demonstrated by several cross«over experiments that the metabolic change 
resulting from vitamin E additions was rapid. When individual cows in the 
vitamin E supplemented group ceased receiving their supplement and control 
cows were given vitamin E, there were noticeable changes in the fat con« 
centrations of the milk of the 2 groups within 10 days. Upon returning 
to the original feeding program the fat concentrations were reversed again 
within 10 days. Further confirmation of this effect of vitamin E on 
milk fat production was obtained with 4 closely matched trios of registered 
Guernsey cows. The 3 treatments were; no supplemental vitamins, 1,0 gm, 
vitamin E (10% and 90% mixed y and p) and 1,0 gm, vitamin E (60% <=(. and 
40% V and ^), Vitamin E supplementation again considerably increased the 
secretion of 4% milk with the forms of the tocopherols being essentially 
equally effective. Hie average increase in milk vitamin A above the conw, 
trois for both the vitamin A and vitamin A plus E supplemented cattle was 
about 75%, Those receiving vitamin E alone showed a slight increase in 
milk vitamin A the first few months of supplementation with no effect there* 
after. They thus concluded that vitamin E had no effect on milk vitamin A 
values. The vitamin E supplemented cattle had increased appetites, looked 
healthier, appeared more vigorous, were completely free from general in« 
fections and had less mastitis than was the case with the controls or 
36 
herds of previous years. Vitamin E concentration in the blood was de­
termined only during February and these were 0.45 mg. % for the controls 
and 1.06 mg, % for those fed vitamin E, 
Several workers have been unable to confirm the results of Harris et al. 
(1947) in increasing milk fat percentage and total pounds of 4% milk from 
vitamin E supplementation. Gullickson et al. (1948) supplemented 1 gm. 
mixed tocopherols daily to lactating dairy cows fed good quality alfalfa 
hay and corn silage plus concentrates and found the vitamin E to have no 
effect on the amount or fat content of milk or the appearance and appetite 
of the animals, Phillips et al. (1948) also supplemented 1 gm, mixed 
tocopherols to cows receiving a like amount of tocopherols from their 
natural ration of corn silage, alfalfa-bromegrass hay and 16% protein 
grain ration and found the supplemental tocopherol to be without influence 
on the milk or butterfat yield or the butterfat present in the milk. 
Whiting ^  al. (1949a) fed cows a mixed grass and legume hay, corn silage 
and a commercial 16% protein dairy concentrate mixture with and without 1 
gm. mixed tocopherols for 4 weeks and found the tocopherol additives to 
have no significant influence on milk or fat production and vitamin A of 
milk fat or blood plasma. Feeding 1 gm. mixed tocopherol to cows on pas­
ture and concentrate also failed to influence milk or fat production. 
Parrish et al. (1948) fed cows either a basal ration or a basal 
ration plus vitamin supplements (0.5-1 million lU vitamin A ester, 0.5-1 
million lU vitamin A alcohol, 0,5-1 million lU vitamin A alcohol plus 
0.5-1 gm, tocopherols or 0.5-1 gm, to 10 gm. tocopherols). They observed 
no increase in the vitamin A content of the colostrum or early milk from 
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cows receiving tocopherols in addition to the alcoholic form of vitamin A, 
In a second report in 1949, they fed a wide variety of dairy breeds what 
they termed a standard control diet consisting of a concentrate mixture 
(1 Ib/cwt, bodyweight) and a roughage consisting of a high grade alfalfa 
hay and a good quality Atlas Sorgo silage in the ratio of 1:2. Tocopherol 
supplements were started a minimum of 28 days prepartum and were discon­
tinued at parturition. Milk samples were collected from each milking 
during the first 4 days and on the eighth day postpartum. When 0, 1, 4, 5 
or 10 gm, mixed tocopherols were fed the last 28 days or when 500,000 
lU vitamin A alcohol plus 0,5 gm, mixed tocopherols were supplemented 
days 28-14 and 1,000,000 lU vitamin A alcohol plus 1.0 gm, mixed tocopherols 
were supplemented days 13-0 prepartum vs. those receiving the vitamin A 
minus the tocopherols, they found the vitamin E to have a variable non­
significant influence on milk vitamin A values. In a third study in 
1950, they fed 500,000 to 1,000,000 lU vitamin A during the last 28 days 
of pregnancy to cows and concluded that the vitamin A additions had no ap­
parent effect on serum tocopherol levels in either cows or calves. 
Gullickson et al. (1949) fed a total of 30 animals of mixed dairy 
breeding a ration adequate in all nutritive factors known to be essential 
except vitamin E (the ration fed was incapable of supporting reproduction 
in rats). The 30 animals included 13 of an original group and their second, 
third and fourth generation descendants. Animals received either 0.0, 
0.4 or 0.8 gm. o(-tocopherol/cwt.bodyweight once weekly or 5 mg./kg, 
bodyweight daily. Animals receiving supplemental vitamin A failed to show 
any weight advantage from birth through 720 days of age. The hocks of 1 
F2 generation heifer were swollen slightly at birth, a condition which per­
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sisted throughout her entire life. The swellings remained soft and were 
most prominent anteriorly, extending several inches above and below the 
joint. 
Kachmar et al, (1950) fed 6 animals, used by Gullickson et al. (1949) 
in their studies, the same vitamin E deficient ration for l%-2% years with 
3 receiving in addition 5 mg. mixed tocopherols daily/kg. bodyweight. 
Blood plasma o<^-tocophero 1/100 ml. were 249 and 685 meg. for the non-
supplemented and supplemented, respectively. Carotene supplementation 
in both groups was started at 2-8 weeks after the animals were placed on 
experiment and continued for 1 year. The year was divided into 3 periods 
with 75, 100 and 300 meg./kg. being fed during the first, second and third 
periods. At the end of the third period, the carotene was replaced by 
vitamin A (120 meg./kg.) for a period of 2 months. Feeding the low vita­
min E ration did not adversely affect the utilization of carotene or vita­
min A as measured by blood plasma levels and liver storage of vitamin A. 
Latschar (1949) supplemented daily 500,000 to 1,000,000 lU vitamin A 
the last 28 days of pregnancy to cows and concluded that the vitamin A 
supplementation had no significant effect upon either the magnitude or 
trend of tocopherols in blood seruai. 
Whiting ^  al. (1949b) supplemented daily no vitamins, 12,000 lU 
vitamin A/100 lb. bodyweight, 80 mg, mixed natural tocopherols/100 lb. 
bodyweight and a combination of vitamins A and E to ewes and goats re­
ceiving a muscular dystrophy producing ration consisting of second-cut 
alfalfa and clover hay plus red kidney beans. The carotene consumed 
daily from this ration was estimated to be 28 mg. daily/100 lb. bodyweight 
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and the level of tocopherols fed was near that found to give optimum re­
sponse in the rat per Unit of bodyweight. The supplements were fed during 
the last 6 weeks of pregnancy and were mixed once daily with feed in case 
of the ewes and administered orally once weekly in the case of the goats. 
Vitamin supplementation did not increase the vitamin A content of the 
blood plasma of the dams after a period of 4 weeks. The tocopherols in­
creased blood and liver vitamin A values in the lambs only when supple­
mental vitamin A was not fed and in the kids only when fed in combination 
with supplemental vitamin A. Tocopherols were mostly without effect upon 
the vitamin A content of the colostrum except in the goats where the toco­
pherol plus vitamin A additions increased the vitamin A content of the 
colostrum over those given only vitamin A, The tocopherols increased the 
vitamin A content of the milk in both the ewes and goats, regardless as 
to whether vitamin A had been previously fed or not. However, the tocopher­
ol offered its largest response when vitamin A had previously been fed. 
Loosli et al. (1950) fed different hays to cows to determine their 
value for milk production. They observed that when the tocopherol con­
centration of milk fat was higher, the vitamin A potency of the milk fat 
also tended to be higher. Krukovsky et al. (1950) determined the toco­
pherol, carotenoid and vitamin A content of milk fat for Brown Swiss, 
Guernsey, Holstein, and Jersey cows during both pasture and barn feeding. 
They found a highly positive correlation between the tocopherol and 
carotenoid content of the milk fat, with a nonsignificant correlation be­
tween tocopherols and vitamin A. 
Houle (1952) discussed the serious loss of beef calves in his general 
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veterinary practice in Maine. He concluded he was dealing with a vitamin 
E deficiency as the supplementation of 1000 mg. o(-tocopherol once or twice 
a week prevented the losses and related symptoms. He stated that the 
supplementation of vitamin A seemed to reduce the vitamin E requirements. 
McGillivray (1952) grazed 3 pairs of monozygotic twins on a mixed 
average summer pasture of rye grass, white clover and cocksfoot (average 
carotene of 3 75 mcg./gm, of dry matter). The animals were at the middle 
of their first lactation at the start of the experiment and their breed 
was predominantly Jersey. One animal from each pair received a supplement 
of 1 gm. of ©(-tocopherol per day for 14 days with the other serving as a 
control and receiving no supplemental vitamin E. The tocopherol increased 
both carotene and vitamin A levels in the milk fat, the total vitamin A 
potency being raised from a typical midsummer minimum of 34 lU/gm. of fat 
to a value approaching the maximum late winter-spring level of about 50 
lU/gm. This became definitely apparent in all cases from the 11th day of 
the experiment. This maximum level was unaffected by increasing the toco­
pherol supplement to 3 gm. per day or by supplying 300 mg. carotene in ad­
dition to 3 gm. tocopherols in an additional 12-day period. 
When tocopherol was removed at the end of the initial 14-day period, 
the vitamin A potency of the fat decreased to that of its control within 
5 days. Supplements of 300 mg. carotene for an additional 6 days failed 
to increase the vitamin A content of the fat. Tocopherol supplementation 
also increased the tocopherol content of the milk fat and a highly sig­
nificant correlation was established between vitamin A potency and toco­
pherol content of the fat. They concluded there was adequate carotene in 
New Zealand summer pastures for the production of milk fat of high vitamin 
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A potency. However, neither the carotene in the feed nor the supplemental 
carotene when given as a supplement to the summer pasture could be utilized 
unless the animals also received additional tocopherol. They suggested 
that the low vitamin A potencies reported for New Zealand butterfats may 
be due to inadequate tocopherol or other antioxidants in summer pastures. 
If it is tocopherol which is involved, they feel it must be adequate 
during the late winter«spring period when potencies are high and that the 
decrease during the late spring and summer could be associated with the 
drying up of the pasture or could be attributable to changes in the botani» 
cal composition of the pasture. Preliminary work in their laboratory had 
shown that the tocopherol of mixed pasture, predominantly clover and rye 
grass, decreased through the spring reaching a minimum in the summer. 
In the first of a series of related papers, Rousseau et al, (1957) fed 
eight 3 5<-iday old calves representing various breeds a vitamin A depletion 
diet (0,09 mg, carotene/lb, dry matter) which was also low in tocopherols. 
Beginning on the 64th day of age, each calf was given daily 20 meg, vitamin 
A and 1 of 4 levels of tocopherol (0,0, 1,0, 3,0 or 9,0 mg,)/lb, bodyweight 
for a 12"Week period. Tocopherol intake had no measurable effect on rate 
of daily gain. Plasma tocopherol increased at diminishing rates with 
tocopherol intake; whereas, liver tocopherol increased at constant rates, 
with tocopherol intake. Relationships of these criteria with tocopherol 
intake were expressed as linear regressions of log (plasma tocopherol) on 
logwlog (tocopherol intake) and log (liver tocopherol) on log (tocopherol 
intake). The 2 higher levels of tocopherol supplementation tended to in« 
crease plasma vitamin A while the 2 lower levels tended to increase liver 
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vitamin A, but these differences were not statistically significant. 
Eaton et al. (1958) reported a summary of 7 experiments involving male 
Holstein calves. Their basal diet was the same as was reported in the 
first study by Rousseau et al, (1957) and was fed until the plasma levels 
were either less than 12 meg. of vitamin A or less than 100 meg. tocopherol/ 
K)0.ml. or tmtil the supplementation period was of sufficient duration to 
provide stabilization of the plasma levels. The calves were then fed 
daily for periods ranging from 4-16 weeks 2-1,000 meg. vitamin A, 12-
540 meg, carotene and 0,1-25,0 mg, tocopherol/?b, bodyweight. They ob­
served a linear regression of plasma vitamin A and tocopherol on logs 
liver vitamin A and tocopherol. They concluded that concentrations of 
these 2 vitamins in the liver could be estimated from those in the plasma 
only if the ration and intake of the respective vitamins were fixed. Dicks 
et al. (1958, 1959) fed 36 male Holstein calves a diet low in vitamins A 
and E from days 3 5-64 of age. From days 64-92, the calves were fed daily 
the same basal ration plus 1 of 3 levels of d-c^-tocopheryl acetate 
equivalent to 1.0, 5.0 and 25.0 mg, free tocopherol and 1 of 3 levels of 
vitamin A palmitate equivalent to 10, 100 and 1,000 meg. vitamin A alcohol/ 
lb. bodyweight. Upon completion of the 28-day tocopherol-vitamin A sup­
plementation period, one-half the calves were slaughtered with the other 
18 maintained on the basal ration until plasma vitamin A decreased to less 
than 4.0 mcg./lOO ml. Based on plasma and liver vitamin A concentrations 
at the termination of the supplementation period and on vitamin A depletion 
time, tocopherol increased the utilization of vitamin A at the highest in­
take of vitamin A, decreased utilization at the lowest intake and had no 
appreciable effect at the middle level of intake. Across all levels of 
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tocopherol intake, the tocopherol concentration of the tissues decreased 
with increasing levels of vitamin A, This decrease was greater between 
the 10 and 100 meg. intake of vitamin A than between the 100 and 1,000 
meg. intake. They concluded a need to establish optimum levels or ratios 
of intakes of-vitamins A and E. 
Hamed and Decker (1959) fed beet slices, dried beet leaves, soybean 
meal, wheat bran, ground oats and hay plus 3 vitamin E treatments to 2 
cows in their first stage of lactation. Treatment 1 consisted of 6 intra­
venous injections of 300 mg. dl-c^-tocopheryl acetate on alternate days, 
treatment 2 consisted of 6 intramuscular injections of 500 mg. vitamin E 
on alternate days and treatment 3 consisted of 6.25 gm. vitamin E orally 
daily for 59 days. Each treatment was separated by 3-5 week intervals. 
They found the first 2 vitamin E treatments to have no significant effect 
on the vitamin A content of the milk. However the large oral doses sig­
nificantly increased the vitamin A content of the milk (59 to 120 and 
63 to 88 lU/ml. milk). An increase was also seen in plasma vitamin A 
from the large oral dose of vitamin E. 
Hazzard et al. (1964) fed daily vitamin A supplements of 62.5 through 
16,000 meg./lb. of bodyweight to 28 two and one-half month old calves for 
12 weeks. They found that plasma tocopherol values decreased with in­
creasing levels of supplemental vitamin A and reached a minimum value when 
2,399 meg, vitamin A was fed per pound of bodyweight. 
Hatfield et (1951) fed 32 feeder lambs for 60 days a basal ration 
consisting of 3 lb. of "high nitrate" corn silage (1.0% KNO3 equivalent 
on a dry basis) and 1 lb. of concentrate and varying combinations of 
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supplemental nitrite (2.7% of ration on a dry basis, as KNOg equivalent) 
vitamin E (120 mg. o(m.tocopheryl acetate/day) and Tapazole (100 mg./day). 
Vitamin E supplementation resulted in no significant differences in av­
erage daily gain. The effect of vitamin E additions upon plasma and 
liver vitamin A was variable with a tendency to increase blood and liver 
vitamin A values. Cline et al. (1962, 1963) self-fed 144 western cross­
bred lambs a complete pelleted ration (containing 10% alfalfa hay) for 
60 days. The lambs were injected subcutaneously once weekly with all 
combinations of 2 levels of vitamin A (0 and 98,000 lU) and 2 levels of 
"(.-tocopherol (0 and 700 mg), Vitamins A and E did not affect rate of 
gain or liver storage of vitamin A, They concluded that either the diet 
contained sufficient vitamin A and E activity for normal growth or that the 
lambs had sufficient stores of these 2 fat soluble vitamins. 
King et al. (1962) demonstrated that both Santoquin and vitamin E 
significantly reduced the destruction of a commercial, stabilized vitamin 
A preparation during a 10 hour vitro rumen fermentation study. 
In the first of 3 papers from the Purdue workers, Beeson et al. 
(1962) fed 72 steers a high-concentrate ration with one-half of the steers 
receiving in addition daily 0.5 lb. of dehydrated alfalfa meal pellets. 
The feeding of the dehydrated alfalfa meal resulted in a marked increase 
in average daily gain and feed efficiency and higher plasma vitamin A 
values. Of the two levels of vitamin A fed (12,500 and 25,000 lU per 
steer daily), the higher level of vitamin A resulted in the best performance 
when no dehydrated alfalfa meal was fed. When dehydrated alfalfa meal was 
fed, the lower level of vitamin A appeared adequate. Supplementation of 
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40 lU vitamin E per steer daily to the no dehy cattle resulted in per­
formance almost midway between the cattle fed no supplemental vitamins and 
those fed 12,500 lU vitamin A. Adding 40 lU vitamin E to the 12,500 ITJ 
vitamin A resulted in no additional improvement. Vitamin E additions to 
the dehydrated alfalfa meal cattle only slightly increased average daily 
gain and were without effect upon feed efficiency and blood vitamin A. 
Perry et al. (1964) observed that daily additions of 20,000 III vitamin A, 
200 mg, vitamin E or an initial injection of 4 million lU vitamin A were 
without significant effect on average daily gain or feed efficiency of 
steers finished on a high-concentrate ration. The feeding of 75 mg. 
vitamin K daily or the combination of vitamin E and K supplementation 
significantly depressed rate of gain. They reported similar results in 
1965 as they observed no response in feedlot performance from daily ad­
ditions of 100 mg. vitamin E, 75 mg. vitamin K, vitamins E and K, 20,000 
lU vitamin A or vitamin A plus 5% dehydrated alfalfa meal to steers fed a 
high-concentrate ration. Supplemental vitamins E and K had no effect on 
plasma vitamin A values. 
In the first of 2 reports from the Florida group. Chapman et al. 
(1964) conducted a series of 3 experiments (2 winter and 1 summer) to 
determine the value of vitamin A and E supplementation when added to con­
centrate mixtures for steers fattened on pasture. Vitamin A (2 5,000 lU 
daily) significantly increased rate of gain during both winter trials. 
Vitamin E (50 lU) significantly increased weight gains during only 1 , 
of the winter trials. Neither vitamin A nor E had a significant effect 
upon steer performance during the summer trial. Vitamin A and E liver 
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values on the vitamin treatments were variable. In general, increasing 
dietary levels of vitamin A did not increase liver vitamin E nor did in­
creasing dietary levels of vitamin E increase liver vitamin A values. 
In their second report which included 3 experiments, Chapman et al. (1965) 
evaluated the use of vitamins A (25,000 lU) and E (20 and 50 lU dl-
tocopherol) with steers fed a limited concentrate intake on pasture. Both 
vitamins stimulated rate of gain with vitamin E being more consistent. 
They observed that orally administered vitamin E stimulated gain more 
than injected vitamin E and concluded a possible ruminai effect by this 
vitamin. The effect of vitamin A on plasma tocopherol levels and of toco­
pherols on liver and plasma vitamin A levels was variable. 
Additional abstracts of vitamin A and E interrelations have been 
compiled by Kujawski (1962). 
The diversity of the vitamin A and E interrelation results in this 
review indicates that the interrelations of these 2 vitamins are far from 




The experiments reported in this dissertation are on file in the 
Ruminant Nutrition Section of the Animal Science Department, Iowa State 
University, Ames, Iowa. They are numbered as Cattle Experiments 675, 
6 8 6 , 704, 100 , 723 and 73 5. 
These experiments were conducted at the College Beef Nutrition Farm. 
The cattle were housed in groups of 2 to 6 animals in a shed open to the 
south, with small outside paddocks surfaced with concrete. Broken cobs 
were provided as bedding. The cattle had access to a salt-mineral mixture 
(one-third non-iodized flake salt, one-third limestone and one-third 
steamed bone meal), non-iodized block salt and fresh water at all times. 
The cattle were weighed individually on 3 consecutive days at the 
beginning and end of each trial and at 14-day intervals throughout the 
feeding periods. 
Blood samples (120 ml.) were obtained from the jugular vein both at 
the farm and at the packing house. Potassium oxalate (1.7ni@/'ml. blood) 
was used as the anticoagulant. The blood was centrifuged at 1650xG for 
20 minutes to facilitate separation of plasma from cells. The plasma was 
stored in 60 ml. polyethylene bottles under nitrogen gas and frozen. 
Liver samples (1-2 gm.) were obtained at the farm by the aspiration 
liver biopsy method of Bone (1954) and at slaughter by cutting approximately 
one-quarter lb. from the tip of each the left and right lobes. Samples 
obtained at the farm were analyzed for vitamin A on the same day as acquired 
while those obtained at slaughter were analyzed at a later date. Samples 
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obtained at slaughter were placed in small plastic bags. Air was forced 
from the bags and the samples were frozen. The liver samples were thawed 
and then finely ground in a Waring Blendor just prior to each vitamin A 
analysis. 
Plasma and liver vitamin A values were obtained by the method pro« 
posed by the Association of Vitamin Chemists (1951) using the Garr-Price 
color reaction. Plasma total tocopherol analyses were conducted by the 
method of Quaife et al, (1949), Liver samples were analyzed for total 
tocopherols by the method proposed in the Analytical Methods Committee Re­
port Prepared by the Vitamin E Panel (1959) with the initial tissue ex­
traction being made according to the method of Edwin et (1960), Dr, 
Ryoji Kawashima, a post-doctoral fellow from the Animal Husbandry Depart­
ment, Kyoto University, Kyoto, Japan, conducted the liver total toco­
pherol analyses. 
Statistical analyses of the data collected were conducted according 
to the methods of Snedecor (1956), 
The percentage composition of basal rations, calculated analysis of 
basal rations and percentage composition of basal supplements used in 
these experiments appear in Tables 8, 9 and 10 in the APPENDIX, Carotene 
analyses of the cracked shell corn were performed in duplicate using the 
Association of Official Agricultural Chemists Chromatographic Method 
(1955) by the Rosner-Hixson Laboratories, 773 7 South Chicago Avenue, 
Chicago 19, Illinois, 
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The form of vitamin A fed was vitamin A palmitate dispersed on soy­
bean meal (Distillation Products Industries - PGE-Z50; 250,000 lU/gm.) 
and the form injected was vitamin A palmitate in an oil base (Norden 
Laboratories - 100,000 lU/ml.). 
The form of vitamin E fed was d-«^-itocopheryl acetate absorbed on 
soy grits (Distillation Products Industries « Myvamix; 20,000 lU/lb,) 
and the form of vitamin K fed was stabilized menadione sodium bisulfite 
(Abbott Laboratories - Klotogen F; 0,63 gm./gm,). 
Production of a Vitamin A Deficiency in Cattle Fed a High-. 
Concentrate Finishing Ration and Recovery Responses from 
Different Methods of Vitamin A Administration 
Experiment 675 
The primary purpose of this experiment was to determine if a vitamin 
A deficiency could be produced in cattle fed a high-concentrate ration 
devoid of hay with yellow corn as the principal source of vitamin A ac­
tivity when compared to cattle receiving the same ration plus supplemental 
vitamin A (25,000 lU/steer daily), Tapazole, a goitrogenic compound under 
test at the Iowa Station and which had shown a considerable improvement in 
cattle performance for a limited period of 2-3 months duration, was also 
fed (600 mg./steer daily) to see if its depressing effect on the thyroid 
gland would decrease the conversion of carotene to vitamin A. 
Forty-eight good to choice grade yearling steers which had previously 
received a high-hay ration on a ranch in Montana were randomly allotted 
within weight outcome groups to 8 lots of 6 steers each. Their average 
initial weight was 802 lb. They were fed daily a full feed of cracked 
shell corn, 4 lb. ground corncobs and 2.5 lb. supplement. The 4 experi­
mental treatments consisted of all combinations of 2 levels of vitamin A 
(0 and 25,000 lU) and 2 levels of Tapazole (0 and 600 mg.) supplemented 
daily with each treatment replicated. 
The initial part of this experiment (the production of a vitamin A 
deficiency) started on January 26, 1961 and lasted for 132 days. The 
last part of this experiment (recovery responses from different methods 
of vitamin A administration) started on June 7 and lasted for 36 days. 
After the initial part of the experiment at which time vitamin A de­
ficiency was evident in the vitamin A nonsupplemented steers, the 24 de­
ficient steers were administered 4 different vitamin A treatments with 6 
steers per treatment. Treatment 1 consisted of no supplemental vitamin A; 
treatment 2 consisted of 25,000 lU fed daily; treatment 3 consisted of a 
single injection of 1 million lU intramuscularly and treatment 4 consisted 
of both 25,000 lU fed daily and a single injection of 1 million lU intra­
muscularly. This was accomplished by randomly injecting 3 steers in each 
lot and then randomly either not feeding or feeding vitamin A to each of 
2 lots. The other 24 nondeficient steers which had received 25,000 lU 
during the initial 132-day period were continued on this same level of 
vitamin A supplementation to the end of the experiment. 
Blood samples were obtained at the start of the recovery period with 
both blood and liver samples being obtained at slaughter from the 24 
deficient-recovery steers and from 12 of the nondeficient steers. Two 
representative cracked shell corn samples were analyzed for ^-carotene 
during the course of the experiment. 
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Data collected at slaughter consisted of carcass grade, dressing per­
cent and the number of abscessed livers. 
Supplemental Vitamins A, E and K in a Cattle High-Concentrate 
Finishing Ration 
Experiment 686 
Results of the preceding experiment suggested that feeding a high-
concentrate ration without hay resulted in a deficiency condition which 
ultimately extended beyond that of a single vitamin A deficiency since 
large doses of vitamin A were only partially effective in correcting the 
deficiency. In an attempt to elucidate what other factors may have been 
involved, supplemental vitamins E and K, in addition to vitamin A, were 
fed to steers receiving a high-concentrate no-hay finishing ration. 
Thirty 2-year old steers of medium to good feeder grade which had 
previously received a high-grain ration on farms near Sioux City, Iowa, 
were randomly allotted within weight and previous 8-day vitamin A treat­
ment outcome groups to 6 lots of 5 steers each. Their average initial 
weight was 928 lb. They were fed a full feed of ground ear corn and 2.5 
lb. supplement. Ihe 4 experimental treatments consisted of all combina­
tions of 2 levels of vitamin A (0 and 100,000 lU) and 2 levels of vitamin 
E plus K CO plus 0 and 100 lU plus 47 mg.) supplemented daily with each 
treatment replicated in triplicate. The amounts of vitamins E plus K 
fed were based upon the amount which would have been supplied by 3-4 lb. 
hay daily. The vitamin A treatment was accomplished by randomly placing 
14 steers in 1 group 8 days prior to the start of the experiment and feed­
ing them daily 10 lb, freshly cut green alfalfa and 100,000 lU vitamin A 
52 
in addition to their grain and supplement. The other 16 non-vitamin A 
supplemented steers received daily during this same 8-day period 3 lb, 
alfalfa hay in addition to their grain and supplement. During the ex­
periment, vitamins E plus K were either randomly fed or not fed to each of 
3 lots with none of the lots receiving supplemental vitamin A, 
This experiment started on July 27, 1961 and lasted for 70 days. 
Blood and liver samples were obtained at slaughter from the first 2 repli­
cates of each treatment. Data collected at slaughter consisted of car­
cass grade, dressing percent and the number of abscessed livers. 
Supplemental Vitamins A, E and K in a Cattle High-Concentrate 
Finishing Ration 
Experiment 704 
Following the completion of the first 2 vitamin experiments which 
indicated a deficiency of more than 1 vitamin, 12 recent midwestern cat­
tle experiments involving supplemental vitamin A were reappraised on the 
basis of their hay content (Kohlmeier and Burroughs, 1962), Hay is rich 
in both vitamins E and K as well as being a fair source of carotene. The 
reappraisal suggested that sufficient vitamin A activity was present when 
3-5 lb, of hay was supplied per animal daily in a corn finishing cattle 
ration as supplemental vitamin A with this amount of hay in the ration 
failed to improve cattle performance. It was also noted that this small 
amount of hay in a corn finishing ration supplied 5-6 times as much vitamin 
E and K as the same ration devoid of hay. This strengthened the possi­
bility that the first 2 experiments in which no hay was fed may have been 
involved with deficiencies of several vitamins. 
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Seventy-two good to choice grade yearling steers averaging 588 lb, 
were randomly allotted within weight and origin outcome groups to 12 lots 
of 6 steers each. Five steers of each treatment (top 2 and 3 steers in 
replicates 1 and 2, respectively, in the tables presenting individual 
steer values) were Native steers that had received a hay ration throughout 
the winter months prior to the start of the experiment. Their initial 
liver vitamin A reserves were estimated to be 24 mcg./gm. Seven steers 
of each treatment (bottom 4 and 3 steers in replicates 1 and 2, respective­
ly, in tables presenting individual steer values) were Kansas steers that 
had previously been on a green winter wheat pasture in Kansas. Their ini-. 
tial vitamin A reserves were estimated to be relatively high (55 mcg,/gm,). 
The initial reserves of the 2 sources of cattle were based on the initial 
reserves of 4 representative steers of each origin group which were used 
in the experiment to be discussed next. 
They were fed daily a full feed of ground earcorn and 2 lb, supple­
ment. The 6 experimental treatments consisted of all combinations of 3 
levels of vitamin A (6,000, 12,000 and 18,000 lU) and 2 levels of vitamin 
E plus K (0 plus 0 and 200 lU plus 75 mg.) supplemented daily with each 
treatment replicated. 
The experiment started on May 9, 1962 and lasted for 176 days. During 
the course of the experiment, 3 representative ground earcorn samples were 
analyzed for ^-carotene. Blood and liver samples were obtained at 
slaughter for vitamin A and E analyses. Data collected at slaughter con­
sisted of carcass grade, dressing percent and the number of abscessed 
1ivers. 
54 
Vitamin A Depletion and Repletion of Cattle Supplemented 
with Vitamins E and K and Fed a High-Concentrate Finishing Ration 
Experiment 100 
The primary purpose of this experiment was to progressively study 
the effect of vitamins E and K on blood and liver vitamin A during dietary 
vitamin A depletion and repletion periods. 
Eight steers (4 Kansas and 4 Native) representative of those used in 
the preceding experiment were used in this study. They were individually 
fed in stanchions twice daily 1 lb. supplement and all the ground earcorn 
they would clean up in a 2-hour period. They were randomly allotted 
within origin and initial vitamin A reserve outcome groups to their re­
spective vitamin E and K treatment. Two Kansas and 2 Native steers re­
ceived daily 200 lU vitamin E and 75 mg. vitamin K throughout the trial, 
whereas the other 2 steers from each origin group received no supplemental 
vitamins E and K. The experiment was divided into a depletion and repletion 
phase^ During the depletion phase (first 158 days) none of the steers re­
ceived supplemental vitamin A. The repletion phase was divided into two 
56-day periods. During period 1 all steers received 10,000 lU supple­
mental vitamin A daily and during period 2 they received 30,000 lU vitamin 
A daily. T-tests of mean differences were used to determine the level of 
significance in which 10,000 and 30,000 lU supplemental vitamin A increased 
blood and liver vitamin A values. 
The experiment started on May 23, 1962 and lasted for 280 days. Blood 
and liver samples were obtained at the start of the experiment and there­
after at 28-day intervals for vitamin A analyses. Samples were not taken 
following the ninth 28-day period in February due to a combination of ex­
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treme cold temperatures and the high condition of the animals. The sam­
ples on the tenth 28-day period were obtained at slaughter. 
As stated in the procedure of the preceding experiment, the initial 
liver vitamin A values of these 8 steers were used as an estimate of the 
initial liver vitamin A values of the steers in experiment 704. 
Blood was analyzed for vitamins A and E and livers were analyzed for 
vitamin A. Many hours were spent attempting to analyze the livers for 
vitamin E by using the methods and procedures that Dr. Kawashima used in 
the preceding experiment but recoveries were poor and variability was 
great. Frequently following the final evaporation, a waxy-like material 
remained that would not go into solution in ethanol. Correspondence with 
Dr. Kawashima failed to reveal what may have caused these difficulties. 
Pudelkiewicz and Matterson (1954) used a similar liver total tocopherol 
analysis and found it gave nonvalid high total tocopherol values with liver 
samples containing high levels of vitamin A (over 100 and up to 5,900 meg./ 
gm.) when compared to the same procedure with the addition of a hydrogéna­
tion step. The problem they observed was that their Florex columns were 
unable to adsorb all the vitamin A present resulting in the extention of 
the blue bands along the entire length of the columns. Higher values were 
thus obtained due to the passing of interfering substances through the col­
umns. However, similar values were obtained from the 2 different procedures 
when the livers contained 59 mcg./gm. vitamin A and less. Since the pooled 
treatment livers in the preceding experiment contained only 13.8 mcg./gm. 
vitamin A and since the blue bands were always confined to the tops of 
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the Florex columns, the total tocopherol values presented in the pre­
ceding experiment appear to be valid. 
Data collected at slaughter consisted of carcass grade, dressing per­
cent, liver weight and the number of abscessed livers. The livers were 
brought back to the laboratory for critical gross observations. 
Supplemental Vitamins A and E in a Cattle High-Concentrate 
Finishing Ration 
Experiment 723 
The primary purpose of this experiment was to determine the influence 
of vitamin E upon cattle performance when low and high levels of vitamin A 
were fed. 
Eighty-four medium to good grade yearling steers were purchased at 
the Sioux City, Iowa, livestock market in April 1963. Their nutritional 
history was unknown. They were placed on a low carotene ration (cracked 
shell corn, ground corncobs and supplement) for 33 days prior to the start 
of the experiment in order to lower their vitamin A reserves. Following 
the 33-day pre-experimental period, the top 72 steers averaging 854 lb. 
were randomly allotted within weight outcome groups to 12 lots of 6 steers 
each. They were fed daily a full feed of ground earcorn and 2 lb. supple­
ment. The 6 experimental treatments consisted of all combinations of 3 
levels of vitamin A (0, 6,000 and 36^000 lU) and 2 levels of vitamin E 
(0 and 200 lU) supplemented daily with each treatment replicated. 
The experiment started on May 22, 1963 and lasted for 167 days. During 
the experiment, several ^-carotene determinations were made of representa­
tive samples of the ground earcorn. At slaughter, blood and liver samples 
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were collected for vitamin A and E analyses. Data collected at slaughter 
consisted of carcass grade, dressing percent and the number of abscessed 
livers. 
The 12 remaining steers were given the same experimental treatment 
as the above steers except for the omission of all vitamin A supplementa­
tion. They were slaughtered 58 days following the start of the experiment 
to provide an estimate of liver vitamin A reserves of the cattle near the 
start of the experiment. 
Dietary Vitamin A vs_. Blood Vitamin A Time Study 
Experiment 73 5 
It is well known that blood vitamin A levels' are regulated primarily 
by dietary vitamin A (preformed and precursors of) and by liver vitamin A 
stores. Both of these regulatory factors were shown in the preceding ex­
periments. However, the preceding experiments failed to demonstrate whether 
the change in blood vitamin A as affected by addition and deletions of 
dietary vitamin A was a rapid or a slow change. The primary purpose of 
this trial was to determine how rapidly blood vitamin A values are altered 
by dietary vitamin A additions and deletions. 
Six medium to good grade steers averaging 475 lb. were purchased from 
the Sioux City, Iowa, livestock market in May 1964. Prior to the start 
of the experiment, all steers received daily a full feed of groundearcorn 
and 1 lb. soybean meal. Starting with the pm. feed on June 8 (day 0), all 
steers received a full feed of ground earcorn and one-half lb. soybean 
meal (part A). Starting with the pm. feed on June 15 (day 7), and con­
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tinuing through June 19 (day 11), all steers received a carotene-free 
ration composed of a full feed of crimped oats and one-half lb. soybean 
meal daily (part B). In addition, 4 steers were randomly selected to be 
fed 40,000 lU supplemental vitamin A once daily starting with the evening 
feed of June 8 (day 0) through the evening feed of June 14 (day 6). The 
remaining 2 steers served as controls during this period and received no 
supplemental vitamin A, 
Blood samples were drawn daily from each steer prior to the evening 
feed for 12 consecutive days. 
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RESULTS 
Production of a Vitamin A Deficiency in Cattle Fed a High-
Concentrate Finishing Ration and Recovery Responses from 
Different Methods of Vitamin A Administration 
Experiment 675 
The average of 2 ^-carotene determinations of the cracked shell corn 
was 1,059 mg./lb. 
Results of the effects of vitamin A and Tapazole supplementation on 
feedlot performance and blood vitamin A during the initial part of the ex­
periment (production of a vitamin A deficiency) are summarized in Table 1. 
For this experiment and the following experiments, the summary tables and 
figures appear in the RESULTS section of each experim^ent with all other 
tables appearing in the APPENDIX. Analysis of variance of the feedlot 
performance appears in Table 11. The liveweight gain response of steers 
fed vitamin A and no Tapazole is shown graphically in Figure 1. Indi­
vidual steer average daily gain and replication average daily ration and 
feed per 100 pounds gain values appear in Table 12 and feedlot performance 
by 28-day periods appears in Table 13, 
Vitamin A supplementation increased (P <.05) liveweight gains 8% 
while Tapazole decreased (P <.05) liveweight gains 5%. Vitamin A failed 
to appreciably increase liveweight gains of the non-Tapazole fed cattle 
until after 84 days on trial while with the Tapazole fed cattle, vitamin 
A failed to increase liveweight gains until after 110 days on trial. In 
fact, vitamin A supplementation decreased liveweight gains of the non-
Tapazole and Tapazole fed cattle during the first 28 and 84 days, re­
spectively, Tapazole increased liveweight gains of the non-vitamin A fed 
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Table 1. Experiment 675 (initial part); Production of a vitamin A de­
ficiency during first 132 days (January 26, 1961 to June 7, 
1961); bodyweight, average daily gain, average daily ration, 
feed per 100 pounds gain and blood vitamin A 
Added to ration/steer/day: 
Vitamin A (lU) 0 
Tapazole (mg.) 0 
0 25,000 25,000 
600 0 600 
No, of steers 12 12 12 12 
Av. initial wt., lb. 800 803 802 803 
Av. final wt., lb. 1225 1200 1256 1240 
Av. daily gain, lb. 3.22+.39 3.01+.31 3.44^.28 3.31^.32 
Av. daily ration, lb. 
Cracked corn 16.3 14.6 17.0 16.5 
Ground corncobs 4.0 4.0 4.0 4.0 
Supplement 2.5 2.5 2.5 2.5 
Total 22.8 21.2 23.5 23.0 
Feed/cwt. gain, lb. 708 704 683 695 
Blood vitamin A* 10.4^3.6 11.1+5.1 37.4^3.5^ 44.919.3% 
^Expressed as mcg-/100 ml, plasma. 
%Mean of 6 steers. 
Figure 1. Experiment 675 (initial part): Liveweight gain response 
of steers fed vitamin A and no Tapazole. Numerical 
values on the broken line represent increase in live-
weight gain from feeding vitamin A, 
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cattle through the first 84 days at which time they showed a 30 lb. ad­
vantage over those not fed Tapazole but this weight advantage had vanished 
by 110 days and a decrease in liveweight gains was clearly evident by 132 
days. With the vitamin A fed cattle, Tapazole failed to influence live-
weight gains during the first 55 days but decreased liveweight gains after 
day 55 on through day 132. 
Vitamin A supplementation increased (P<,01) feed consumption 6% while 
Tapazole decreased (P <.05) feed consumption 5%. 
Vitamin A supplementation increased feed efficiency 2% while Tapazole 
exerted little influence on feed efficiency. 
Vitamin A supplementation markedly increased plasma vitamin A values 
283% while Tapazole increased plasma vitamin A 13%, 
Visual vitamin A deficiency symptoms were not observed until the 97th 
day at which time several animals exhibited night blindness and rough 
haircoats. During the process of obtaining blood samples on the 132nd day, 
many of the animals fainted. 
Results of the effects of different methods of vitamin A administra­
tion on average daily gain, carcass grade, dressing percent plus blood and 
liver vitamin A during the last part of the experiment are summarized in 
Table 2. Liveweight gain responses of the deficient, recovery and non-
deficient steers appear graphically in Figure 2. Analysis of variance of 
the above measurements appears in Tables 14 and 15. Individual steer 
values appear in Table 16, 
During the recovery period, the deficient steers responded equally 
well in liveweight gains to supplemental vitamin A regardless of the method 
Table 2. Experiment 6 75 (last part): Recovery responses from different methods of vitamin A 
administration during last 36 days (June 7, 1961 to July 13, 1961); bodyweight, average 
daily gain, carcass grade, dressing percent, number of abscessed livers, blood vitamin 
A and liver vitamin A 
Vitamin A status prior to recovery Deficient Nondeficient 
Methods of vitamin A 
administration during No, supp. Fed^ Injected Fed^ and in­ Fed& vit, A en­
recovery vit. A vit, A vit. A jected^ vit, A tire 168 days 
No, of steers 6 6 6 6 24 
Av. initial wt, lb. 1216 1216 1202 1218 1248 
Av, final wt,, lb. 1245 12 71 12 52 12 70 1334 
Av. daily gain, lb. 0,8li,94 l,53i,60 1.3 91,59 1,441,84 2.391,64 
Carcass grade 7,2^1,2 6,811,0 7.3+0,8 7,5+1,0 6,810.8 
Dressing percent^ 60,5+1,0 60,1+1,1 60,8+1,5 59,7+0,3 60,3+1,1 
No, abscessed livers 2 1 2 0 1 
Blood vitamin A® 
41,1^17,7 Initial 14,3+5,7 9.312,5 8,6l4,3 10.712,5 
Final ll,5i4.0 26,3±3,1 10.2Î2.4 29,3 ±2,5 30,5^±5.1 
Liver vitamin A® 
Final 1,0±0,8 4.2+2.5 0,4+0.1 3,9+1,5 12.2^16,9 
^Fed 2 5,000 lU vitamin A palmitate/steer/day. 
^Injected IM 1 million lU vitamin A palmitate in oil base/steer. 
CHigh choice = 9, average choice = 8, low choice = 7 and high good =6. 
"^Dressing percent based on full weights off experiment and warm carcass weights shrunk 2,5 percent, 
^Expressed as mcg/100 ml, plasma, 
f Mean of 12 steers, 
^Expressed as mcg./gm. fresh liver. 
Figure 2. Experiment 675 (last part); Liveweight gain responses of 
steers administered vitamin A. Numerical values repre­
sent liveweight gain. 
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of vitamin A administration (fed or injected) or of the calculated 
amount supplemented daily (25,000 or 52,800 lU), The response in live-
weight gain (23 lb.), however, was less than one-half that observed in 
the nondeficient steers which had been fed vitamin A throughout the en­
tire experiment (57 lb.). Feeding vitamin A to the deficient steers re­
sulted in blood vitamin A values almost 3 times as great (P <.01) and 
liver vitamin A almost 4 times as great (P<,05) as for those not fed 
vitamin A. The levels of vitamin A administered appeared adequate for 
maximal recovery as indicated by the increase in liver vitamin A storage 
and blood levels of vitamin A at the end of the experiment which were as 
high for the recovery steers fed vitamin A as for the nondeficient steers. 
Injections of vitamin A favorably improved liveweight gains but failed 
to increase blood or liver vitamin A values. 
Vitamin A supplementation decreased the number of abscessed livers 
but had no effect on carcass grade or dressing percent. 
Supplemental Vitamins A, E and K in a Cattle 
High-Concentrate Finishing Ration 
Experiment 686 
The estimated ^-carotene, vitamin E and vitamin K content of the 
ration was 0.55, 0.92 and 0.06 mg./lb,, respectively. 
Results of the effects of feeding supplementary vitamins A, E and K 
on average daily gain, carcass grade, dressing percent, number of abscessed 
livers plus blood and liver vitamin A are summarized in Table 3. Analysis 
of variance of average daily gain, carcass grade and dressing percent ap­
pears in Table 17 and of blood and liver vitamin A in Table 18. The live-
weight gain response of steers fed the 4 vitamin combinations is shown 
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graphically in Figure 3, Individual steer average daily gain, carcass 
grade and dressing percent values appear in Table 19 and blood and liver 
vitamin A values appear in Table 20. Average daily gain by 14-day periods 
appears in Table 21. 
The cattle receiving no supplemental vitamins gained well (3.04 lb./ 
day); however, their liveweight gains were inferior to the vitamin sup­
plemented cattle. Both vitamin A and vitamins E plus K increased live-
weight gains about 10% but this .increase was only about one-half as much 
as when all 3 vitamins were fed (21%). An increase in liveweight gains 
due to vitamin supplementation was evident as early as the first 14-day 
weight period and continued throughout the entire 70 days. 
Supplemental vitamins E plus K increased (P <.05) carcass grade 
almost one-third of a grade. However due to the large degree of uneven-
ness, both in size and in quality, of the steers at the start of the ex­
periment and the small number of experimental animals, this observation 
must be evaluated with caution. Supplemental vitamin A had no effect on 
carcass grade. 
A significant (P <.05) vitamin A by vitamins E plus K interaction 
was observed with dressing percent. When fed separately, vitamin A in»-, 
creased while vitamins E plus K had no effect on dressing percent. How­
ever, when fed in combination, the 3 vitamins decreased dressing percent. 
For the same reasons as given above, this observation must be evaluated 
with caution. 
No abscessed livers were observed in any of the cattle on experiment. 
Vitamin A supplementation markedly increased (P <.01) blood and liver 
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Table 3. Experiment 686: First vitamin A, E and K experiment (July 
27, 1961 to October 5, 1961 « 70 days); bodyweight, average 
daily gain, carcass grade, dressing percent, number of 
abscessed livers, blood vitamin A and liver vitamin A 
Added to ration/steer/day; 
Vitamin A (lU)^ 0 100,000 0 100,000 
Vitamin E (lU) 0 0 100 100 
Vitamin K (mg.) ^^^
No. of steers 8 7 8 7 
Av. initial wt., lb. 953 911 927 917 
Av. final wt., lb. 1166 1141 1163 1174 
Av. daily gain, lb. 3 . 04+.42 3.29Ï.3 7 3.371.28 3.67+.58 
Carcass grade^ 7.111.1 7.1Î1.5 8.0i0.9 8.0+1.0 
Dressing percent^ 59.711.9 61.2+1.0 60.Oil.2 59.0+1.8 
No. abscessed livers 0 0 0 0 
Blood vitamin A^ 
Final 13.812.4® 23.2+8.9® 16.014.4^ 28.4lio.7g 
Liver vitamin A^ 
Final O.SIO.I® l.Sll.l® 0.3+0.1^ 1.0l0.4S 
^Received daily only during an 8»-day period immediately prior to 
the start of the experiment. 
^High choice = 9, average choice = 8, low choice = 7 and high good 
= 6. 
^Dressing percent based on full weights off experiment and warm car­
cass weights shrunk 2.5 percent. 
^Expressed as mcg./lOO ml. plasma, 
®Mean of 5 steers. 
^Mean of 6 steers. 
®Mean of 4 steers. 
^Expressed as mcg./gm. fresh liver. 
Figure 3. Experiment 686: Liveweight gain responses of steers fed 
a combination of vitamins A and E plus K. Numerical' 
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vitamin A values. Supplemental vitamin E had no effect on liver vitamin 
A but appeared to increase blood vitamin A. However due to the large 
amount of variability between animals on a given treatment and the small 
number of experimental observations involved, the observation of vitamin 
E supplementation increasing blood vitamin A is not considered significant. 
Supplemental Vitamins A, E and K in a Cattle 
High-Concentrate Finishing Ration 
Experiment 704 
The average of 3 ^ «carotene determinations of the ground earcorn 
was 1,2 mg./lb. and the estimated vitamin E and K content of the ration was 
1.09 and 0.07 mg., respectively. 
Results of the effects of vitamins A and E plus K supplementation 
on feedlot performance, carcass grade, dressing percent, number of ab» 
scessed livers plus blood and liver vitamin A and E are summarized in 
Table 4, Analysis of variance of average daily gain, average daily ration 
and feed per 100 pounds gain appears in Table 22, of carcass grade and 
dressing percent in Table 23 and of blood and liver vitamin A and blood 
vitamin E in Table 24. The liveweight gain response of all steers fed 
vitamins E and K is shown graphically in Figure 4 and of each of the Native 
and Kansas steers fed vitamins E and K in Figure 5. Individual steer 
average daily gain and replication average daily ration and feed per 100 
pounds gain values appear in Table 25, blood and liver vitamin A, lot and 
pooled lot values of blood vitamin E and liver vitamin E, respectively, in 
Table 26, and carcass grade, dressing percent and liver weight in Table 27. 
Table 4-. Experiment 704; Second vitamin A, E and K experiment (May 9, 1952 to November 1, 1962^-
1*76 days); bodyweight, average daily gain, average daily ration, feed per 100 pounds 
gain, carcass grade, dressing percent, number of abscessed livers, blood vitamin A, 
liver vitamin A, blood vitamin E and liver vitamin E 
Added to ration/steer/day; 
Vitamin A (lU) 6,000 6 
Vitamin E (lU) 0 
















No. of steers 12 12 12 , 12 12 12 
Av. initial wt., lb. 
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Total 21.4 21.8 21.3 21.6 21.1 22.0 
Feed/cwt. gain, lb. 754 72 9 769 718 764 769 
Carcass grade^ 7.2il.2 7.0+1 .4 7.2il.l 6.8+0 .7 7.2il .4 6.6il .1 
Dressing percent^ 59.6;i.O 59.8+1 .1 59.3+1.1 58.9+0 .8 58.8+1 .0 58.8i0 .9 
^High choice = 9, average choice = 8, low choice = 7, high good = 6 and average good = 5. 
^Dressing percent based on full weights off experiment and warm carcass weights shrunk 
2.5 percent. 
Table 4. (Continued) 
Added to ration/steer/day; 
Vitamin A (lU) 6,000 
Vitamin E (lU) 0 
















No. of abscessed livers 1 1 0 1 1 0 
Blood vitamin A^ 23.6+7.5 25.li4.5 36.6+7.2 33.0i6.8 41.417 .3 42.2 +8 .5 
Liver vitamin A*^ 3.4I5.O 1.7+1.1 6.2+5.5 5.423.8 13.8+8 .9 13.7+10.1 
Blood vitamin E® 149 281 195 472 454 319^ 
Liver vitamin E& 457 973 560 987 610 115lf 
^Expressed as mcg./lOO ml. plasma. 
^Expressed as mcg./gm. fresh, liver. 
^Expressed as meg. total tocopherols/100 ml. plasma, 
^Pooled value of 11 steers. 
^Expressed as meg. total tocopherols/100 gm. fresh liver. 
Figure 4. Experiment 704; Liveweight gain response of steers fed 
vitamins E and K, Numerical values on broken line repre­
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Figure 5. Experiment 704; Liveweight gain response of 2 sources 
of steers fed vitamins E and K. Numerical values repre­
sent increase in liveweight gain from feeding vitamins 
E and K for each source of steers. 
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Feedlot performance by 28-day intervals of all the cattle appears in Table 
28 and total gain of the 2 sources of cattle in respect to vitamin E and 
K supplementation by 28-day periods appears in Table 29, 
Vitamin E and K supplementation increased liveweight gains 6% (P<.05), 
feed consumption 2% and feed efficiency 3%. An improvement was observed 
with each level of vitamin A fed; however, it tended to be in a reverse 
relationship to the level of vitamin A fed. The same relationship was 
also observed between initial vitamin A reserves and the subsequent de­
gree of vitamin E response in the feedlot. The Kansas steers with the 
largest estimated initial liver vitamin A reserves (55 mcg,/gm,) gave 
the smallest vitamin E plus K liveweight gain response (14 lb.) whereas 
the Native steers with the smallest estimated initial liver vitamin A re­
serves (24 mcg./gm.) gave the largest vitamin E plus K liveweight gain re­
sponse (51 lb.). These results suggested that as the vitamin A nutrition 
of cattle is increased, the response from supplemental vitamin E is de­
creased. 
An increase in liveweight gains from vitamin E plus K supplementation 
was evident as early as 28 days and continued throughout the entire 176 
days. No response or a slightly negative response occurred with each in» 
creasing level of supplemental vitamin A fed above 6,000 lU/steer daily. 
Neither vitamins A or E plus K had a significant effect on carcass 
grade or dressing percent. However, vitamins E plus K tended to slightly 
decrease carcass grade while increasing levels of vitamin A tended to 
slightly decrease dressing percent. 
Increasing dietary levels of vitamin A significantly increased linear* 
ly (P<,01) blood and liver vitamin A values. Supplemental vitamins E plus 
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K had no effect on either blood or liver vitamin A values. 
There was a significant (P<,01) vitamin A by vitamins E plus K in­
teraction on blood vitamin E. Increasing levels of supplemental vitamin 
A increased (P<.05) linearly (P < .01) blood vitamin E and supplemental 
vitamin E increased (P<,05) blood vitamin E. However, the degree in 
which dietary vitamin E supplementation increased blood vitamin E varied 
considerably with the level of vitamin A fed. — 
Supplemental vitamin E almost doubled liver vitamin E values. Liver 
vitamin E increased with increasing levels of dietary vitamin A. 
Vitamin treatments had no effect on liver weight when expressed as 
the percent of bodyweight or on the number of abscessed livers. 
One steer died suddenly on the 169th day of the experiment. At 
necropsy, the left lung was found to be a consolidated abscess. This steer 
had gained well (2.95 lb. daily) through day 154 with a great loss of 
weight thereafter. This incident was not considered to be related to ex­
perimental treatment. 
Vitamin A Depletion and Repletion of Cattle Supplemented 
with Vitamins E and K and Fed a High-Concentrate Finishing Ration 
Experiment 100 
The ground earcorn used in this experiment was from the same source 
as that used in the preceding experiment. As stated in experiment 704, 
its ^-carotene content was 1.2 mg./lb. The estimated vitamin E and K 
content of the ration was 1.07 and 0.07 mg., respectively. 
Results of the effects of vitamins E and K on feedlot performance and 
blood and liver vitamin A during the initial part of the experiment 
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(vitamin A depletion phase) are summarized in Table 5 and of feedlot per-
formance,carcass grade, dressing percent, number of abscessed livers, 
blood and liver vitamin A and blood vitamin E during the last part of 
the experiment (vitamin A repletion phase) in Table 6. Analysis of 
variance of feedlot performance for the depletion and repletion periods 
appears in Tables 30 and 31, respectively; of blood vitamin A and final 
blood vitamin E in Table 32; of liver vitamin A in Table 33 and of carcass 
grade and dressing percent in Table 34. The effect of supplemental vita­
mins E and K on liveweight gains during the depletion and repletion phases 
is shown graphically in Figure 6; on blood vitamin A in Figure 7; on liver 
vitamin A in Figure 8. The effects of varying amounts of supplemental 
vitamin A on blood and liver vitamin A are shown in Figures 9, 10 and 11, 
Individual steer feedlot performance appears in Table 3 5, liver weight, 
carcass grade and dressing percent in Table 36 and blood and liver vitamin 
A by 28«day periods plus finalblood vitamin E in Table 37. Feedlot per­
formance by 28-day periods appears in Table 38. 
Supplemental vitamins E and K increased liveweight gains 10%, feed 
consumption 2% and feed efficiency 8% during the vitamin depletion period 
but decreased liveweight gains 5%, feed consumption 2% and feed efficiency 
3% during the vitamin A repletion period. During the depletion period, 
an improvement in liveweight gains was not observed until after 56 days 
on trial. 
Vitamin E and K supplementation had no effect on carcass grade, dress­
ing percent, liver weight expressed as percent bodyweight, number of ab­
scessed livers or on blood or liver vitamin A but did increase (P <.01) 
blood vitamin E values. What appears to be a favorable influence of vita-
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Table 5, Experiment 100 (initial part): Vitamin A depletion phase of 
the third vitamin A, E and K experiment (May 23, 1962 to Novem­
ber 7, 1962—.168 days); bodyweight, average daily gain, av»-
erage daily ration, feed per 100 pounds gain, blood vitamin A 
and liver vitamin A 
Added to ration/steer/day: 
Vitamin E (lU) 





No. of steers 
Av. initial wt., lb. 
Av. final wt.,' lb. 
Av. daily gain, lb. 




Feed/cwt. gain, lb. 
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Expressed as mcg./lOO ml. plasma. 
Expressed as mcg./gm. fresh liver. 
Table 6. Experiment 100 (last part): Vitamin A repletion phase of third 
vitamin A, E and K experiment (November 7, 1962 to February 27, 
1963—112 days); bodyweight, average daily gain, average daily 
ration, feed per 100 pounds gain, carcass grade, dressing per« 
cent, number of abscessed livers, blood vitamin A, liver vita-
min A, and blood vitamin E 
Added to ration/steer/day:a 
Vitamin E (lU) 0 200 
Vitamin K (mg.) 0 75 
No. of steers 4 4 
Av. initial wt., lb. 994 1067 
^Vitamin A supplemented at rate of 10,000 lU first 56 days and 
30,000 lU last 56 days. 
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Table 6. (Continued) 
Added to ration/steer/day;^ 
Vitamin E (lU) 





Av, final wt., lb, 
Av. daily gain, lb. 




Feed/cwt. gain, lb. 
Carcass grade^ 
Dressing percent*^ 
No. abscessed livers 
Blood vitamin A^ 
Initial (0 days) 
Midway (56 days) 
Final (112 days) 
Liver vitamin A® 
Initial (0 days) 
Midway (56)days) 
































Average prime = 11, low prime = 10, high choice = 9, average choice 
8 and low choice = 7. 
^Dressing percent based on full weights off experiment and warm 
carcass weights shrunk 2.5 percent, 
*^Expressed as mcg./lOO ml plasma, 
^Expressed as mcg./gm. fresh liver, 
^Expressed as meg, total tocopherols/100 ml, plasma. 
Figure 6. Experiment 100; Liveweight gain response of steers fed 
vitamins E and K during vitamin A; (A) depletion and (B) 
repletion phases. Numerical values on broken line repre­
sent increase in liveweight gain from feeding vitamins 
E and K. 
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Figure 7. Experiment 100: Effect of vitamins E and K on steer 
blood vitamin A values. 
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Figure 8. Experiment 100: Effect of vitamins E and K on steer 
liver vitamin A values. 
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SUPP. VIT. A FED/STEER/DAY 
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Figure 9. Experiment 100; Effect of varying amounts of supplemental 
vitamin A on blood vitamin A values of 2 sources of steers. 
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Figure 10. Experiment 100: Effect of varying amounts of supplemen­
tal vitamin A on liver vitamin A values of 2 sources of 
steers. 
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Figure 11. Experiment 100: Effect of varying amounts of supplemental 
vitamin A on steer blood and liver vitamin A values. 
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mins E and K on the rate loss of blood and liver vitamin A during the de­
pletion period was due to animal variation. The longer length of time re­
quired to deplete 1 of the steers on the vitamin E and K treatment was not 
due to experimental treatment but due to considerably larger initial vitamin 
A liver stores. 
Once depleted of vitamin A reserves, steers from both sources were equal­
ly capable of replenishing their stores following vitamin A supplementation. 
During the depletion phase of the experiment, liver vitamin A reserves 
decreased almost 50% each 28-day period. Blood vitamin A progressively de­
creased during this same phase. The feeding of 10,000 ITJ vitamin A daily 
resulted in a marked rise (P <.01) in blood vitamin A (increase of 13.8 
mcg./lOO ml.) but only slightly increased (P <.01) liver vitamin A (in­
crease of 0,9 mcg./gm.). Increasing the dietary vitamin A intake from 
10,000 to 30,000 lU daily resulted in a marked rise (P <.01) in both blood 
(increase of 5.1 mcg./lOO ml,) and liver (increase of 12.7 mcg./gm.) vita­
min A. 
Visual vitamin A deficiency symptoms were not apparent until rather 
late in the depletion phase. During the fourth 28-day period, occasional 
scours were observed in the Native steers. Later in the depletion phase, 
they were also observed in the Kansas steers. In addition, steers from both 
sources were quite variable in the amount of daily ration consumed. 
Late in the depletion phase, the steers would faint during any form 
of excitement, were nightblind and had rough haircoats. These visual 
symptoms of a vitamin A deficiency occurred earliest in those with the low­
est vitamin A reserves. These symptoms began to disappear several days 
following the supplementation of vitamin A. 
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Supplemental Vitamins A and E in a Cattle 
High-Concentrate Finishing Ration 
Experiment 723 
The average of 2 ^-carotene determinations of the ground earcorn 
was 0,768 mg./lb, and the estimated vitamin E content of the ration was 
1.1 mg./lb. 
Results of the effects of vitamins A and E on feedlot performance, 
carcass grade, dressing percent, number of abscessed livers, blood and 
liver vitamin A and blood vitamin E are summarized in Table 7, Analysis 
of variance of average daily gain, average daily ration and feed per 100 
pounds gain appears in Table 39, of carcass grade and dressing percent in 
Table 40 and of blood and liver vitamin A and blood vitamin E in Table 41. 
The liveweight gain response of steers fed no supplemental vitamins, of 
steers fed vitamin E only and of steers fed vitamin A and vitamin A plus 
E is shown graphically in Figure 12. Individual steer average daily gain 
and replication average daily ration and feed per 100 pounds gain values 
appear in Table 42, carcass grade and dressing percent in Table 43 and 
blood and liver vitamin A plus pooled lot values of blood vitamin E in 
Table 44. Average daily gain by 28-day intervals appears in Table 45. The 
liver vitamin A reserves of the 12 steers 58 days on trial appear in Table 
46. 
There was a significant linear increase (P <.05) in average daily 
gain and average daily feed with increasing levels of dietary vitamin A. 
The supplementation of 200 lU vitamin E and no vitamin A increased live-
weight gains 10%, feed consumption 4% and feed efficiency 5%. However, 
Table 7. Experiment 723: Fourth vitamin A and E experiment (May 22, 1963 to November 5, 1963»-
167 days); bodyweight, average daily gain, average daily ration, feed per 100 pounds gain, 
carcass grade, dressing percent, number of abscessed livers, blood vitamin A, liver 
vitamin A and blood vitamin E 
Added to ration/steer/day; 
Vitamin A (lU) 0 0 6 ,000 .6, 000 36,000 36,000 
Vitamin E (lU) 0 200 0 200 0 200 
No, of steers 12 12 12 12 12 12 
Av. initial wt., lb. 855 851 853 861 852 855 
Av. final wt., lb. 1242 1277 1310 1307 1301 1311 
Av, daily gain, lb. 2.32i.37 2,55i .25 2,74i.3 5 2,67i,30 2,69 + ,31 2.73i.l7 
Av. daily ration, lb. 
Gr. earcorn 21,0 22,0 23.6 22,9 23,8 23,8 
Supplement 2,0 2,0 2.0 2,0 2,0 2,0 
Total 23,0 24,0 25.6 24.9 25,8 25,8 
Feed/cwt. gain, lb. 991 941 934 933 959 945 
Carcass grade^ 7.5il.l 7,8*1 .4 8,1±1,6 7.8±1.5 7,5+0,9 7.5+1.0 
Dressing percent^ 60.9i0.9 61.1±1 .4 61,0±0.9 60,3*1,3 61.362.2 60.4*1.3 
No. abscessed livers 1 0 0 0 0 1 
Blood vitamin A^ 14,3±3 .2 13.2±3 ,5 26.4±5.6 30,5+4,7 50,5*7,4 48.8±5.9 
Liver vitamin A^ 0.5±0.2 o.5io ,2 1.6±1,7 I,0i0,6 17,8±5.6 18,5*4,5 
Blood vitamin E® 147 486 2 78 458 195 319 
^High prime = 12, average prime = 11, low prime = 10, high choice = 9, average choice = 8, low 
choice = 7 and high good =6. 
^Dressing percent based on full weights off experiment and warm carcass weights shrunk 2,5 percent. 
^Expressed as mcg./lOO ml, plasma. 
^'Expressed as mcg./gm, fresh liver. 
^Expressed as meg. total tocopherols/100 ml. plasma. 
Figure 12. Experiment 723 ; Liveweight gain responses of steers 
fed a combination of vitamins A and E. Numerical values 








Fed vits. A and A+E 
100 
Controls 
138 28 56 84 112 167 
DAYS 
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the liveweight gain response from feeding vitamin E was only about one-
half that observed when 6,000 lU vitamin A was fed (18%), This level 
of vitamin A also increased feed consumption 11% and feed efficiency 6%, 
The feeding of 6,000 lU vitamin A plus vitamin E or 36,000 III vitamin A 
with and without vitamin E failed to further improve feedlot performance. 
A slight improvement in liveweight gains from the supplemented vitamins 
was evident as early as 28 days on trial but became most apparent after 
56 days on trial. 
Vitamin supplementation had no effect on carcass grade, dressing per­
cent or number of abscessed livers. 
There was a significant linear (P<.01) and quadratic (P <.05) in­
crease in blood vitamin A and a significant linear and quadratic (P <.01) 
increase in liver vitamin A. Vitamin E supplementation had no effect on 
blood or liver vitamin A values. 
Vitamin E supplementation increased (P <.01) blood vitamin E. In­
creasing levels of supplemental vitamin A increased blood vitamin E when 
no supplemental vitamin E was fed (greatest increase in blood vitamin E 
was observed with the supplementation of 6,000 lU vitamin A/steer daily) 
but progressively decreased blood vitamin E when supplemental vitamin E 
was fed. A quadratic effect on blood vitamin E of increasing levels of 
dietary vitamin A approached significance. 
Eight steers were removed at different intervals during the course 
of the experiment. They would be gaining well and then suddenly lose 
weight very rapidly. No pathognomotic disease symptoms were observed and 
the condition was not diagnosed. The condition was not considered related 
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to the experimental treatments. 
Vitamin A liver reserves of the 12 cattle 58 days on test were low 
(6.7 mcg./gm.). The values were quite variable, but overall they indi" 
cated that the initial reserves of the steers at the time of the start 
of the experiment were rather low. 
In view of the recent concern of the apparent increasing vitamin A 
requirements of finishing beef cattle, the average daily gain and blood 
and liver vitamin A values of the steers fed varying levels of vitamin A 
and no supplemental vitamin E in experiments 704 and 723 were drawn 
graphically in Figure 13. These experiments were not designed to study 
vitamin A requirements, however, they do illustrate that the vitamin A 
requirements are more than 6,400 lU but less than 13,200 lU daily. 
Dietary Vitamin A vs. Blood Vitamin A Time Study 
Experiment 73 5 
Daily feed consumption for the steers during part A was 7.0 lb. and 
during part B was 6.0 lb. The daily change of blood vitamin A following 
dietary vitamin A additions and deletion is shown graphically in Figure 
14, The individual steer daily blood values appear in Table 47 and the 
analysis of variance of blood vitamin A 7 days on trial appears in Table 48. 
The increase in blood vitamin A following the supplementation of 
dietary vitamin A was rapid with most of the increase being observed with­
in 24 hours following the first 40,000 lU ingested with further vitamin A 
supplementation offering no appreciable increase. 
Figure 13. Average daily gain, blood vitamin A and liver vitamin A 
of steers fed varying levels of vitamin A and no supple­
mental vitamin E. Summary of 2 experiments. 
MCG./GM. FRESH LIVER MCG./100 ML. 
—i ro—\ CO 














X X p •p 






Figure 14, Time study of the influence of dietary vitamin A on steer 
blood vitamin A values. Numerical values on the broken 
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Blood vitamin A failed to decrease 24 hours following the removal 
of vitamin A supplementation but started to decline 48 hours later and 
continued to decrease during the remaining 72 hours. 
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DISCUSSION 
The results of the first 5 experiments in these studies indicated 
that perhaps some of the earlier reported results from other experiment 
stations as well as field experiences of vitamin A deficiency in cattle 
fed high-concentrate no-hay finishing rations may have been due to a dual 
deficiency of vitamins A and E rather than a single vitamin A deficiency. 
In experiment 675, the liveweight gains of the vitamin A deficient-
recovery cattle which were fed and/or injected vitamin A the last 36 days 
of the experiment were only slightly less than one-half the gains of 
nondeficient cattle fed vitamin A throughout the entire trial. The levels 
of vitamin A fed in these cattle appeared adequate for maximal recovery as 
indicated by an increase in liver vitamin A stores and blood vitamin A 
.- values at the end of the recovery period that were almost as high for the 
recovery cattle as for those fed vitamin A throughout the entire trial. 
A nutritional deficiency other than vitamin A appeared to be involved. 
The appraisal of 12 recent midwestern cattle experiments involving 
vitamin A supplementation suggested that sufficient vitamin A activity 
was present when 3-5 lb. of hay were fed daily in a corn finishing cattle 
ration, as supplemental vitamin A with this amount of hay in the ration 
failed to improve cattle performance (Kohlmeier and Burroughs, 1962). 
It was also noted that this small amount of hay in a corn finishing 
ration supplied 5-6 times as much vitamin E and K as the s'ame ration 
devoid of hay. 
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The supplementation of vitamins E and K in experiments 686, 704 and 
100 and the supplementation of vitamin E only in experiment 723 increased 
feedlot gains. The degree to which vitamin E influenced feedlot gains 
appeared to be dependent upon the level of vitamin A fed and the liver 
vitamin A reserves. Nevertheless, the finding of a liveweight gain re­
sponse from supplemental vitamin E was unique in that no such response in 
fattening cattle appears to have been previously observed. The only 
earlier reported response from vitamin E supplementation in the bovine ap­
pears to be the prevention or treatment of white muscle disease. 
The initial experiments in these studies were designed to determine 
the influence that vitamin E supplementation would have on the vitamin A 
nutrition of finishing beef cattle. Moore (1940), Davies and Moore 
(1941), Hickman et al, (1942), Lemley et al. (1947), Koehn (1948), Burns 
et al. (1951) and many others have shown that critical levels of vitamin E 
supplementation improved the vitamin A nutrition of rats. Experiments 
686, 704, 100 and 723 in these studies failed to show that the responses 
observed following vitamin E supplementation in finishing beef cattle 
were the result of improved vitamin A nutrition. This conclusion was based 
on the fact that the supplementation of vitamin E had no effect on the blood 
or liver vitamin A values of steers which had shown a liveweight gain re­
sponse from vitamin E supplementation or of steers which had been fed 
vitamin A depletion and repletion rations. However, these studies can 
not be interpreted as indicating that vitamin E has no effect on the vita­
min A nutrition of the bovine. Possibly the basal ration contained too 
high a level of natural vitamin E or the supplemental levels of vitamins 
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A and E were too high to permit such a response. Whether vitamin E 
supplementation may have a favorable effect on the vitamin A nutrition 
of cattle depleted of their vitamin E stores and fed a vitamin E deficient 
diet remains unanswered. 
Experiments 704, 100 and 723 showed not that vitamin E improved-4:he 
vitamin A nutrition of cattle but that vitamin A favored their vitamin E 
nutrition. Increasing levels of dietary vitamin A increased liver vitamin 
E regardless of whether supplementary vitamin E was or was not fed. 
However, increasing levels of dietary vitamin A increased blood vitamin E 
only when supplementary vitamin E was not fed, with a variable effect be­
ing observed when vitamin E was fed. Additional blood and liver vitamin E 
analyses need to be performed in assessing the validity of these findings. 
In regard to feedlot gains, cattle with the highest vitamin A reserves 
and/or which were fed the highest levels of supplemental vitamin A gave 
the smallest vitamin E response in the feedlot. The feedlot results plus 
blood and liver vitamin E data indicated that a possible mode of action 
of vitamin A in mediating an improvement of vitamin E nutrition of cattle 
was by sparing existing stores of vitamin E. The observations of Mason 
(1933), Kudryashov (1939), Bruggen and Straumfjord (1948) and Houle (1952) 
lend support to such a mode of action. 
The experiments in these studies were originally undertaken to de­
termine what might be responsible for the so-called increased needs of 
vitamin A supplementation of cattle fed high-concentrate no-hay finishing 
rations but were not designed to study vitamin A requirements. However, 
they do illustrate that the vitamin A requirements of cattle finished on a 
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high^concentrate no-hay ration are more than 6,400 lU but less than 
13,200 lU daily. The lower value slightly exceeded the N.R.C. 1958 daily 
requirements which were based largely on the vitamin A experimental re­
sults of the California workers (Guilbert and Hart, 193 5; Guilbert et al., 
193 7 and Guilbert et al., 1940). The California workers supplemented 
carotene as dehydrated alfalfa meal and vitamin A as cod liver oil to 
cattle fed a ration very low in carotene and used the level that prevented 
nyctalopia as the lowest minimum requirement. Their established daily re­
quirements for cattle were 5.1-6.4 meg. vitamin A or 26-33 meg, carotene/ 
kg. bodyweight. The Texas workers (Jones et al., 1943) summarized 7 ex« 
periments conducted from 1934 to 1941 which involved 310 feeder cattle 
and concluded that 1,500 meg. carotene/100 lb, bodyweight daily was ade­
quate for satisfactory fattening but that some minor symptoms of vitamin 
A deficiency such as nyctalopia may be present. They recommended as a 
minimum 2,000 to 2,500 meg. carotene/100 lb. bodyweight daily for the main­
tenance of health. The carotene used in their trials was supplied either 
as ground alfalfa hay or dehydrated alfalfa leaf meal and the basal ration 
was very low in carotene. 
Embry ^  al. (1962) fed vitamin A depleted steers a fattening ration 
very low in carotene and supplemented daily 1,000, 2,000, 3,000, 4,000 
or 5,000 lU vitamin A/100 lb. bodyweight. Maximum feedlot performance 
was obtained when 2,000 lU vitamin A/100 lb. bodyweight was fed and they 
concluded this level represented a safe, practical level for fattening 
cattle. Their recommended level of vitamin A supplementation compared 
favorably with the minimum daily requirements as listèd in N.R.C,, 1963. 
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These values are at least 6,000 lU above the minimum vitamin A require­
ments observed in these experiments. All in all, the vitamin A require­
ment appears to be related to the amounts of vitamin E and vitamin E 
related compounds in the ration. The true vitamin A requirement when 
adequate vitamin E is present appears to be very similar to that estab­
lished years ago such as appears in N.R.C., 1958 but appears to be higher 
when there is also a deficiency of vitamin E. Higher levels of vitamin A 
then appear to be necessary to attempt to overcome the dual vitamin A 
and E deficiency. 
The quantitative vitamin E requirement of finishing cattle can not be 
determined from these experiments. The amounts of vitamin E fed were 
probably considerably greater than the true vitamin E requirement. Live-
weight gain responses from supplemental vitamin E would appear to be in­
fluenced by the amount of vitamin A and E and selenium in the ration, and 
body stores of vitamins A and E selenium. The present studies have shown 
that high levels of either dietary vitamin A or vitamin A reserves may de­
crease and even eliminate a vitamin E liveweight gain response. 
Burroughs et al. (1963) showed that similar increases in feedlot per­
formance were observed in cattle fed high-concentrate no-hay finishing 
rations when either vitamin E (200 lU/steer daily) or selenium (0.05 or 
0.10 ppm) were supplemented and that a combination of vitamin E and se^ 
lenium offered no increase in feedlot performance. This supported the 
concept that vitamin E and selenium were interchangeable in respect to 
increasing feedlot performance. No response in feedlot performance was 
observed from selenium supplementation when 5 lb. alfalfa hay was fed 
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daily. Likewise, an improvement in feedlot performance from vitamin E 
supplementation would not be anticipated when high levels of hay are fed. 
That very similar results have been obtained in cattle fed either vitamin 
E or selenium indicates that responses observed with the supplementation 
of vitamins E and K in these studies were due primarily to vitamin E. The 
part that vitamin K played remains to be verified. 
An improvement in feedlot performance from either vitamin E or seleni-
um can not be anticipated every year as shown by Burroughs et (1964), 
Results of 1964 cattle experiments showed no response from supplemental 
vitamin E or selenium. The explanation given was that the natural seleni­
um content of corn was apparently higher in 1964 than in previous years. 
Allaway and Hodgson (1964) observed a wide variability in the selenium 
content of alfalfa hays in different counties in Iowa. Of 6 samples from 
6 different counties, the selenium content varied from 0,03 to 0,64 ppm. 
Whether grain grown in different areas of Iowa or in different years con« 
tains variable amounts of selenium requires further study. The corn used 
in these experiments varied considerably in carotene from year to year. 
Possibly there is also a wide variability in the vitamin E content of 
corn. 
Tapazole additions in experiment 675 failed to depress the vitamin A 
nutrition of cattle based on blood vitamin A values at the end of the ini­
tial part (production of a vitamin A deficiency) of the experiment. Si­
milar results were reported in sheep by Cline al. (1962, 1963), They 
showed that Tapazole (weekly injections equivalent to 150 mg. daily) ad­
ministration to fattening lambs self-fed a complete pelleted ration for 
60 days had no effect on liver vitamin A when either 0 or 9,800 lU vitamin 
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A was injected weekly. Johnson and Baumann (1947) observed with vitamin A 
depleted rats fed a vitamin A low diet that rats made hypothyroid by ad­
ditions of 0.5% thiourea in the feed or of 0,1% 2-thiouracil in the drink-
ing water had considerably lower liver stores of vitamin A following the 
daily supplementation of 40 meg, ^-carotene for 15 days than those not 
made hypothyroid. In contrast, hypothyroid rats supplemented daily with 
40 lU vitamin A as halibut liver oil stored more vitamin A than rats not 
hypothyroid. The daily addition of 5 meg. dl-thyroxine neutralized the 
depressant effect of thiourea and 2«thiouracil on carotene to vitamin A 
conversion. Rats made hyperthyroid by daily additions of 1 mg, desiccated 
thyroid/gm, bodyweight stored considerably more vitamin A in their livers 
than normal rats receiving a similar amount of carotene. The blood vitamin 
A values of steers fed Tapazole and no supplemental vLtamin A in experiment 
675 were very similar to the blood vitamin A values of steers not fed 
Tapazole. This is in agreement with the results of Cline et al. (1962) in 
sheep but in contrast to what Johnson and Baumann (1947) observed in rats. 
Possibly the level of Tapazole fed (600 mg. daily) which offered maximum 
feedlot performance was too low in relation to the degree of blocking of 
the thyroid gland needed. Possibly the feeding of a higher level of 
Tapazole would have more fully blocked the thyroid gland resulting in the 
release of less thyroxine and the eventual lower conversion of carotene 
to vitamin A, The results of a thyroid blocking agent increasing body 
stores of vitamin A following the feeding of preformed vitamin A agrees 
with results observed by Johnson and Baumann (1947) in rats but is in con-
trast to results of Cline et al, (1962) in sheep. 
115 
The results of an initial Tapazole experiment at this station were 
reported by Burroughs ^  (1958a). Of 5 levels of Tapazole fed (0, 
200, 400, 600 and 800 mg. daily) during the last 79 days of a steer fat­
tening period, 600 mg, offered the maximum response in feedlot performance. 
An additional report in 1958b showed that when Tapazole was fed at the 
start of the feeding period cattle performance was improved only during 
the first 2 months and that supplementation over a longer period of time 
either failed to improve performance or actually decreased performance. 
The results of Tapazole supplementation in experiment 675 agree with these 
findings. 
Burroughs (1961) reported that increasing levels of dietary vitamin 
A depressed the performance of cattle fed Tapazole. He evaluated all pre­
viously conducted Tapazole experiments with respect to the amount of vita­
min A and provitamin A in the cattle rations and found that when 1,600 lU 
vitamin A/lb. ration or higher was fed, a negative response from Tap&zole 
was observed. He also noted that in all rations with vitamin A levels 
below 1,600 lU vitamin A/lb. cattle responded favorably to Tapazole with 
the largest response being noted with the ration having the lowest level 
of vitamin A (300 lU/lb.). The failure of Tapazole supplementation to im­
prove feedlot gains in the present study (Experiment 675) when 25,000 lU 
daily vitamin A was fed (1,400 lU vitamin A/lb. -ration) agrees with the 
above vitamin A-Tapazole appraisal of Burroughs (1961). 
Intramuscular injections of vitamin A in an oil base to cattle failed 
to increase blood and liver vitamin A values in experiment 675. Similar 
responses have also been observed in several other species. Kring and 
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Lund (1958) and Ghristensen ^  a]^. (1958) based on liver vitamin A values 
of rats and pigs and Elhatw (1961) based on blood vitamin A of sheep ob­
served that vitamin A in an oil base when injected intramuscularly failed 
to increase blood or liver vitamin A values. Kring and Lund (1958) found 
this method to be just as effective in eliminating an avitaminosis A 
state as oral and other methods of administration. They observed that a 
muscular depot of vitamin A was maintained at the site of injection with 
vitamin A being slowly released in adequate amounts over a considerable 
period of time in which liver vitamin A values were essentially unaffected 
and remained at rather low levels. 
Feeder cattle with low vitamin A reserves will express an improvement 
in feedlot performance from vitamin A supplementation earlier in the feed­
ing program than will cattle with high vitamin A reserves. Results of eX". 
periment 100 have shown that the liver vitamin A reserves on a mcg,/gm, 
basis of steers fed a corn finishing ration are decreased almost 50% 
every 28 days. 
Blood vitamin A values were shown to be dependent on both liver vita-, 
min A reserves and daily supplementation of vitamin A, In experiment 100, 
blood vitamin A progressively decreased as liver vitamin A decreased. 
Substantial drops in blood vitamin A following depletion of vitamin A 
from the liver were not observed until liver vitamin A values dropped 
below 10-20 mcg,/gm. When vitamin A was supplemented at the rate of 10,000 
lU daily a marked rise in blood vitamin A but only a small rise in liver 
vitamin A was observed. A higher dose of vitamin A (30,000 lU daily) 
markedly increased both blood and liver vitamin A values. The results of 
117 
experiment 735 showed that the increase in blood vitamin A following 
vitamin A supplementation to cattle with presumably low vitamin A reserves 
occurs for the most part within the first 24 hours and that the decrease 
in Mood vitamin A following the removal of vitamin A supplementation 
occurs between 24-48 hours later. Progressive decreases were noted every 
24 hours during the next 72 hours. 
On the basis of feedlot performance, blood and liver vitamin A values 
appear to be of value in diagnosing the adequacy of vitamin A supplementa­
tion. . In these studies in which blood plasma and liver vitamin A were 
determined by the Garr-Price colorimetric method as described in Methods 
of Vitamin Assay (1951), liver vitamin A stores of 2 mcg./gm, fresh liver 
or more were indicative of adequate vitamin A nutrition. However, liver 
storage of less than 2 was not sufficient evidence to conclude inadequate 
vitamin A nutrition as many of the steers performed excellently for many 
months with essentially no liver vitamin A reserves. Blood vitamin A 
values of 25 mcg./lOO ml. plasma or more were indicative of adequate 
vitamin A nutrition. In contrast, blood vitamin A values of 15 or less 
were indicative of inadequate vitamin A nutrition. Intermediate blood 
vitamin A values of 15-25 resulted in variable performance and were best 
evaluated by relating the values with liver vitamin A values. 
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SUMMARY 
The interrelations of vitamins A and E were studied in steers re­
ceiving a high-concentrate no-hay finishing ration composed of 90% ground 
earcorn and 10% supplement. 
The supplementation of vitamin E (100 and 200 lU daily) improved 
feedlot performance. However, the degree of improvement was dependent 
upon the level of vitamin A fed and the liver vitamin A reserves. Less 
response was observed in cattle fed increasing levels of supplemental 
vitamin A and having higher liver vitamin A stores. 
The supplementation of vitamin A (6,000, 12,000, 18,000, 25,000 
and 36,000 lU daily) improved feedlot performance but levels higher than 
6,000 lU failed to offer further improvement. The minimum daily vitamin 
A requirements ranged between 6,400 and 13,200 III. 
Dietary additions of vitamins A and E had no effect on carcass, grade, 
dressing percent or liver weight expressed as percent bodyweight. Vitamin 
A supplementation decreased the number of abscessed livers. 
Vitamin E supplementation had no effect on blood or liver vitamin A 
values during fattening trials and during a vitamin A depletion-repletion 
study. Increasing levels of dietary vitamin A increased blood and liver 
vitamin E values when no vitamin E was fed. When vitamin E was fed, 
increasing levels of dietary vitamin A increased liver vitamin E but had a 
variable influence on blood vitamin E, These studies indicated that dietary 
vitamin A spares vitamin E reserves but that vitamin E has no effect on the 
vitamin A reserves of beef cattle fed high-concentrate no-hay finishing 
rations. 
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Tapazole (600 mg. daily) failed to exert a detrimental effect on the 
vitamin A nutrition of cattle. 
In a vitamin A depletion study, the liver vitamin A reserves (ex­
pressed as mcg./gm. fresh liver) of cattle decreased almost 50% every 28 
days. Blood vitamin A failed to decline appreciably until liver vitamin 
A values became lower than 10-20 mcg./gm. After depletion of liver vitamin 
A stores, feeding 10,000 lU vitamin A daily markedly increased blood vita­
min A but only slightly increased liver vitamin A, Feeding 30,000 lU 
caused a marked increase in both blood and liver vitamin A, An increase 
in blood vitamin A following the daily supplementation of 40,000 lU 
vitamin A was rapid with most of the increase being observed within 24 
hours. Following the removal of vitamin A supplementation, a marked drop 
in blood vitamin A was observed within 24-48 hours with a progressive de­
crease every 24 hours for the next 72 hours. Blood and liver vitamin A val­
ues of 25 mcg./lOO ml. plasma and 2 mcg./gm. fresh liver, respectively, 
indicated adequate vitamin A nutrition. 
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APPENDIX 
Table 8, Percentage composition of basal rations 
Experiment 
Ingredient 675A 675B 686 704 lOOA lOOB lOOG 723 735A 735B 
Cracked shell corn 71, .49 65, to
 
61, .62 72, .52 71 .16 71, .58 72. ,52 73, ,04 74 .29 — 1—M 
Ground corncobs 17, .54 21, .3 9 25, .76 18, .13 17 .79 17, .89 18, .13 18, .26 18 .57 
Crimped oats MM——M 91-, 55 
Soybean meal 8, .70 10, .60 10, ,06 7, .37 8 .76 8, .27 7. 20 6, .90 7 .14 8. 45 
Dried molasses 0, .88 1, .07 0, .97 0, .71 0 .85 0, .80 0, .71 0, .66 
—— 
Urea 0, .55 0, .67 0, ,64 0, .43 0 .50 0, .48 0, .43 0, .40 
—-
Stilbosol 0, .04 0, .05 0, ,05 0, .05 0 .06 0, .05 0, .05 . 0, .04 — 
Dicalcium phosphate 0. 33 0, .40 0, .39 0, .29 0 .34 0, .33 0, .29 0, .27 
Limestone 0, .44 0, .54 0, .48 0, .43 0 .50 0, .48 0, .43 0, .40 
——-
Trace mineral premix^  0, .03 0, .04 0, .03 0, .03 0 .04 0, .04 0, .03 0, .03 
Vitamin A premix^ 0, .04 — 0, .08 0, .21 —r —r, 
Total 100, ,00 100, .00 100, ,00 100, .00 100 .00 100, .00 100, .00 100, .00 100 .00 100. 00 
^Trace mineral premix: CGC 35-45B, non-iodized. 
^Vitamin A premix: Soybean meal 33.5 lb. and vitamin A (2 million lU/lb.) 16.5 lb. 
Table 9. Calculated analysis of basal rations 
Experiment 
Item 6 7 5A-<— -675B 686 704 100A«r -H-ilOOBt-i --100G 723 73 5A« ««73 5B 
Protein percent 12.05 12.76 12.2 7 11.25 11.94 11.73 11.25 10.99 10.11 14.70 
Fat percent 2.62 1.99 2.32 2.65 2.61 2.62 2.65 2.67 2.71 3.70 
Fiber percent 8.89 10.20 11.58 9.02 8.97 8.99 9.02 9.04 9.15 11.58 
Calcium percent 0.31 0.3 7 0.35 0.29 0.34 0.32 0.29 0.27 0.05 0.11 
Phosphorous percent 0.30 0.31 0.30 0.29 0.30 0.30 0.29 0.28 0.24 0.35 
Carotene mg./lb. 0.76 0.69 0.55 1.09 1.07 1.09 1.09 0.70 0.67 0.00 
True vit.A lU/lb. 0.00 0.00 0.00 280 0.00 526 1402 0.00 0.00 0.00 
Vit.A equiv. lU/lb 304 276 220 716 428 962 1838 280 268 0.00 
Vit. E lU/lb. 1.07 0.98 0.92 1.09 1.07 1.07 1.09 1.10 1.11 2.75 
Vit. K mg./lb. 0,07 0.07 0.06 0.07 0.07 0.07 0.07 0.07 0.07 0.09 
Table 10, Percentage composition of basal supplements 
Experiment 
Ingredient 6775B 686 704 100Ai^ n^l00Be^ «fi*-il00G 723 73 5Ar^»-»»-i73 5B 
Soybean meal 79, .30 79, .30 79, .69 78, ,86 79. 31 78. ,55 77. 04 79 .31 100 .00 100. ,00 
Dried molasses 8, .00 8, .00 7, .64 7. 64 7. 64 7. 64 7. 64 7 ,64 
Urea 5, .00 5. 00 5. 09 4. 55 4. 55 4. ,55 4. 55 4 .55 
—— 
Stilbosol 0, .40 0, .40 0, .40 0, .50 0, .50 0, .50 0, .50 0 .50 
Dicalcium phosphate 3, .00 3, .00 3, .09 3. 09 3, .09 3, .09 3, .09 3 .09 
Limestone 4, .00 4, .00 3, .82 4. 55 4, .55 4. 55 4. 55 4 .55 
Trace mineral premix^ 0, .30 0, .3 0 0, .27 0, .36 0, ,3 6 0, .3 6 0, .36 0 .36 — 
Vitamin A premix^  0, .45 0, .76 2, .27 
Total 100, ,00 100, .00 100, .00 100, .00 100, .00 100, .00 100, .00 100 .00 100. 00 100, .00 
^Trace mineral premix: GGG 3 5G«45B, non-iodized. 
^Vitamin A premix: Soybean meal 33,5 lb, and vitamin A (2 million lU/lb,) 16,5 lb. 
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Table 11. Experiment 675 (initial«part): Analysis of variance of av­
erage daily gain, average daily ration and feed per 100 
pounds gain 
Mean squares 
Source d.f. Av. daily Av. daily Feed/cwt. 
gain ration gain 
Outcome group 11 0.1361 
Replication 1 0.0042 0.4513 760.5 
OGG/Rep. 10 0.1493 
Treatment 3 0.3 908^  1.9013& 243.0 
Vit. A 1 0.7983* 3.2513^ 544.5 
Tapazole 1 0.3519a 1.9013& 112.5 
Vit. A X Tap, 1 0.0221 0.5512 72.0 
OCG X Treatment 33 0.0975 
Rep. X Trt. 3 0.0270 0.0612 370.8 
oœ/Rep. X Trt. 30 0,1046 
Total 47 (7)C 0.1253 0.9055 371.7 
^Significant at P <.05. 
^Significant at P<.01. 
o^tal d.f. for average daily ration and feed per 100 pounds gain. 
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Table 12. Experiment 575 (initial part); Production of a vitamin A de­
ficiency during first 132 days; average daily gain, average 
daily ration and feed per 100 pounds gain 
Added to ration/steer/day: 
Vitamin A (lU) 0 0 25,000 25,000 
Tapazole (mg.) 0 600 0 600 
Replication Average daily gain (lb.) 
1 2.49 3.23 3.44 3.07 
3.64 3.34 3.38 3.82 
3.18 2.81 3.48 3.81 
3.87 3.04 3.46 3.40 
3.54 2.77 3.28 3.13 
2.72 3.21 3.26 2.78 
2 3.28 2.75 4.17 3.30 
3.52 3.56 3.39 3.37 
3.18 3.14 3.75 3.01 
3.28 2.44 3.17 3.49 
3.07 3.04 3.18 3.51 
2.93 2.80 3.32 3.05 
Av. 3.22 3.01 3 .44 3.31 
Average daily ration (lb. ) 
1 22.6 20.8 23.2 23.0 
2 22.9 21.7 23.8 23.1 
Av, 22.8 21.2 23.5 23.0 
- Feed/cwt. gain (lb.) 
1 698 678 686 691 
2 713 736 680 702 
Av.  ^ 708 704 683 695 
T^he feed per 100 pounds gain average was computed by dividing the 
daily ration average by the daily gain average. 
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Table 13. Experiment 675 (initial part); Production of a vitamin A de­
ficiency during first 132 days; average daily gain, average 
daily ration and feed per 100 pounds gain by periods 
Added to ration/steer/day; 
Vitamin A (lU) 0 0 25,000 25,000 
Tapazole (mg.) 0 600 0 600 
Days on 
trial Replication  ^ Average daily gain (lb.) 
28 1 4.21 4.66 3.41 4.30 
2 4.17 4.72 4.14 4.18 
Av. 4.19 4.69 3.78 4.24 
55 1 3.65 4.09 3.42 3.69 
2 3.56 4.17 3.95 3.60 
Av. 3.60 4.13 3.68 3.64 
84 1 3.38 3.78 3.36 3.26 
2 3.45 3.77 3.61 3.00 
Av. 3.42 3.78 3.48 3.13 
110 1 3.31 3.34 3.45 3.45 
2 3.39 3.35 3.52 3.32 
Av. 3.3 5 3.34 3.48 3.38 
132 1 3.24 - 3.07 3.38 3.33 
2 3.21 2.35 3.50 3.29 
Av. 3.22 3.01 3.44 3.31 
Average daily ration (lb.) 
28 1 18.3 18.3 17.9 18.3 
2 18.8 18.8 18.8 18.6 
Av. 18.6 18.6 18.4 18.4 
55 1 20.9 20.1 20.4 20.6 
2 21.0 21.0 21.3 21.0 
Av. 21.0 20.6 20.8 20.8 
S^ix steers per replicate. 
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Table 13. (Continued) 
Added to ration/steer/day: 
Vitamin A (lU) 0 0 25,000 25,000 
Tapazo le (mg.) 0 600 0 600 
Days on 
trial Replication^ Average daily ration (lb.) 
84 1 21.6 21.2 21.7 21.4 
2 22.0 21.9 22.2 21.6 
Av. 21.8 21.6 22.0 21.5 
110 1 22.4 21.2 22.6 22.3 
2 22.8 21.7 23.2 22.4 
Av. 22.6 21.4 22.9 22.4 
132 1 22.6 20.8 23.2 23.0 
2 22.9 21.7 23.8 23.1 
Av, 22.8 21.2 23.5 23.0 
Feed/cwt. gain (lb.) 
1 43 5 3 93 525 426 
2 , 451 3 98 454 445 
Av. 444 397 487 434 
,55 1 573 491 596 558 
2 590 504 539 583 
Av. 583 499 565 571 
84 1 63 9 561 646 656 
2 638 581 615 720 
Av. 63 7 571 632 687 
110 1 677 635 655 646 
2 673 648 659 675 
Av. 675 641 658 663 
132 1 698 678 686 691 
2 713 736 680 702 
Av. 708 704 683 695 
The feed per 100 pounds gain average was computed by dividing the 
daily ration average by the daily gain average. 
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Table 14. Experiment 675 (last part): Analysis of variance of average 












Fed _vs. nonfed 
of defic. 1 
Error (a) 5 
Inj, vs. noninj. 
of defic, 1 
Inj, X fed of defic. 1 
Error (b) 2 
Animals within 
lot groups 36 
Total 47 
2.5913 0.7351 1.0957 
14.0076& 2.5209 0.0010 
0.8778 0.0417 3.5260 
0.6507 0.5167 0.8286 
0.3725 1.0417 0.0060 
0.7455 0.3 750 0.8080 
0.3250 0.7083 0.0978 
0.4749 0.8056 1.2150 
0.7873 0.7868 1.1153 
S^ignificant at P<.01, 
140 
Table 15. Experiment 675 (last part); Analysis of variance of blood and 
liver vitamin A 
Mean squares 
Source d.f. Blood vit.A Liver vit. A 
Lots 5 573 . 43* 170.71  ^
Defic. vs_. nondefic. 1 997.56* 776.84  ^
Fed vs. nonfed of defic. 1 1730 . 60^  69.02* 
Error (a) 3 46.33 2.56 
Inj. vs. noninj. of defic. 1 4.68 1.17 
Inj. X fed of defic. 1 28.17 0.22 
Error (b) 2 51.06 0.94 
Animals within lot groups 26 19.94 21.35b 
Total 35 100.59 40.33 
^Significant at P <.05. 
S^ignificant at P <.01. 
Table 16. Experiment 675 (last part): Recovery responses from different methods of vitamin A 
administration during last 36 days; bodyweight, carcass grade, dressing percent, blood 
vitamin A and liver vitamin A 
Previous vit. Body weight (lb.) Carcass^  Dressing^ Blood vitamin Liver vitamin 
A and Tap. Initial Final grade percent A*^  (mcg./lOO A° (mcg./gm. 
supp. trt. ml. plasma) fresh liver) 
Initial Final Final 
No No vit. A- 1238 1264 7 59.2 13.9 8.6 0.6d 
supp. no tap. 1222 1201 7 62.1 7.9 5.9 0.2^  
vit. 
A 
13 08 1345 8 61.1 13.9 10.2 1.2 
A 
No vit. A- 1314 13 91 9 60.5 22.6 16.9 2.3 
Tap. 1100 1106 6 59.7 18.9 13.6 1.3 
1114 1163 6 60.2 8.7 13.6 0.3 
Av. 1216 1245 7.2 60.5 14.3 11.5 1.0 
Fed No vit. 132 6 1411 8 61.5 10.6 29.3 8.1 
25,000 A« no 123 6 1284 6 58.8 6.4 26.7 2.2 
lU/steer/ tap. 1066 1107 6 60.6 10.2 28.7 5,id 
day 
No vit. 13 60 13 90 7 60.9 10.4 24.6 1.8 
A« 1170 1248 8 59.1 12.1 27.4 5.6 
Tap. 1136 1187 6 59.5 6.1 21.0 2.3 
Av. 1216 12 71 6.8 60.1 9.3 26.3 4.2 
^High choice=9. average choice=8, low ( 2hoice=7, and high good =6. 
D^ressing percent based on full weights off experiment and warm carcass weights shrunk 2.5 
percent. 




Table 16. (Continued) 
Vit. A re- Previous vit. Body weight (lb.) 
covery trt. A and Tap. Initial Final 
supp, trt. 
Injected No vit. A- 1028 1067 
1 million no Tap, 1310 13 57 
lU/steer 1242 1305 
No vit. A- 12 78 1299 
Tap. 1140 1223 
1212 1263 
I" 
' Av. 1202 1252 
Fed 2 5,000 No vit. A- 1160 1180 
lU/steer/ no Tap, 1346 1415 
day plus in­ 1226 132 7 
jected 1 
million No vit. A- 1182 1210 
ITJ/steer Tap. 1124 1179 
12 70 1307 
Av. 1218 12 70 
Fed 2 5,000 Fed 25, 000 1348 1440 
lU/steer/ lU/steer/day- 1320 1403 
day no Tap. 1260 1345 
12 54 1333 
1190 1289 
1124 1233 
Carcass^  Dressing^  Blood vitamin Liver vitamin 
grade percent A*^ (meg./100) A*^  (mcg./gm. 
ml. plasma) fresh liver) 
Initial Final Final 
8 61.0 7.0 8.9 0.3d 
7 61.4 17.0 12.6 0.5 
8 60.7 6.0 6.1 0.3 
6 62.5 7.2 12.1 0.4 
8 58,1 5.4 10.5 0.3 d 
7 61.1 8.9 10.9 0.3 
7.3 60.8 8.6 10.2 0.4 
9 59.7 6.7 18.0 1.7 
7 59.3 11.9 26.4 5.1 
8 60.0 12.7 33.3 5.7 
8 59.5 13.6 42.0 3.9 
6 60.1 9.6 28.6 2.7 
7 59.4 9.7 27.7 4.5 
7.5 59.7 10.7 29.3 3.9 
7 60.9 34.4 21.4 3.8 
6 60.2 3,5.8 28.3 15.8 
8 59.5 33.9 32.6 11.0 
8 60.1 40.4 30.1 21.4 
7 61.0 42.6 29.8 5.0 
7 58.8 37.2 25.3 13.2 
Table 16. (Continued) 
Vit. A re- Previous vit. Body weight (lb.) Carcass^  Dressing Blood vitamin Liver vitamin 
covery trt. A and Tap. Initial Final grade percent A"^ (mcg./lOO A° (mcg./gm. 
supp. trt. ml. plasma) fresh liver) 





Fed 25,000 1444 1559 8 60.4 ****c^  
lU/steer/day- 12 76 1334 6 62.3 ***** 
no Tap. 1302 1423 6 60.8 J 
(Gont.) 1220 1345 6 60.2 »ii<p nni ***** 
1192 1295 7 61.4 ***** 
1142 1203 7 59.2 MW——M WW, II 
Fed 2 5,000 1282 1321 7 62.0 ***** 
lU/steer/ 1360 1443 6 60.4 ***** ***** 
day"Tap, 1316 1380 6 58.9 ***** ***** *W*** 
1254 1303 7 58.4 ,** M**^ * 
1156 1217 6 60.2 ****MI •-•I-»*** 
1086 1198 7 58.8 ***** 1 y» 1*** 
1320 13 95 8 61.7 29.8 25.0 3.6 
1300 1409 6 61.1 51.8 30.3 15.0 
1200 1276 6 59.2 53.8 36.8 25.8 
1270 1363 7 60.7 37.9 31.5 7.0 
123 4 1321 6 60.4 49.8 36.0 11.5 
1108 1186 7 59.6 46.3 38.7 13.5 
1248 1334 6.8 60.3 41.1 30.5 12.2 
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Table 17. Experiment 685; Analysis of variance of average daily gain, 
carcass grade and dressing percent 
Mean squares 
Source d.f. Av. daily gain Carcass grade Dressing percent 
Replication 2 0.0201 0.6334 4.7965 
Vitamin E + K 1 0.9434 5.6334* 5.4610 
Error (a) 2 0.5926 0.2333 1.2465 
Vitamin A 1 0.5544 0.0006 0.4770 
A X E + K 1 0,0042 0.0006 12.1550% 
Error (b) 22 0.1524 1.4545 2.2135 
Total 29 0.2097 1.3575 2.7198 
^Significant at P <.05. 
Table 18. Experiment 686; Analysis of variance of blood and liver 
vitamin A 
Mean squares 
Source d.f. Blood vit. A Liver vit. A 
Replication 1 16.744 1.2500 
Vitamin E + K 1 21.012 0.5780 
Error (a) 1 68.820 0.7220 
Vitamin A 1 495.900% 4.3682* 
A X E + K 1 30.517 0.1445 
Error (b) 14 49.784 0.2448 
Total 19 69.998 0.5521 
^Significant at P <.01. 
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Table 19, Experiment 686; First vitamin A, E and K experiment; average 
daily gain, carcass grade and dressing percent 
Added to ration/steer/day; 
Vitamin A (IU)& 0 100,000 0 100,000 
Vitamin E (lU) 0 0 100 100 
Vitamin K (mg.) 0 0 47 47 
Replication Average daily gain, (lb.) 
1 2.31 3.13 3.39 4.26 
2.70 3.05 3.40 4.19 
3.02 3.54 
2 2.85 3.89 3.67 3.61 
3.50 3.14 3.09 3.72 
3.48 2.90 
3 3.46 2.80 3.70 4.10 
3.42 3.54 3.30 3.05 
3.07 2.76 
Av. 3.04 3.29 3.3 7 3.67 
Carcass grade^  
1 9 9 9 9 
6 6 8 6 
6 8 
2 7 6 8 9 
8 9 8 8 
6 9 
3 6 6 6 8 
8 8 8 8 
7 8 
Av. 7.1 7.1 8.0 8.0 
Received daily only during an 8-day period immediately prior to the 
start of the experiment. 
^High choice=9, average choice=8, low choice=7 and high good=6. 
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Table 19. (Continued) 
Added to ration/steer/day; 
Vitamin A (IU)& 0 
Vitamin E (lU) 0 
Vitamin K (mg.) 0 
100,000 0 100,000 
0 100 100 
0 47 47 
Replication Dressing percent^ 
1 59.0 61.9 60.0 58.4 
58.7 61.6 58.8 56.3 
58.6 58.8 
2 60.1 61.1 59.0 59.5 
60.3 59.5 60.9 59.4 
60.3 62.0 
3 56.6 62.4 61.0 57.9 
63.0 61.8 59.8 59.6 
61.3 62.0 
Av. 59.7 61.2 60.0 59.0 
D^ressing percent based on full weights off experiment and warm 
carcass weights shrunk 2.5 percent. 
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Table 20, Experiment 686; First vitamin A, E and K experiment; blood 
and liver vitamin A 
Added to ration/steer/day: 
Vitamin A (lU)^  
Vitamin E (lU) 


































Av. 13.8 23.2 16.0 .28.4 









0 . 6  
1 . 1  
0.3 
0.5 








Av. 0.3 1.5 0i3 1.0  
R^eceived daily only during an 8«day period immediately prior to 
the start of the experiment. 
E^ach figure represents an average for a duplicate. 
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Table 21. Experiment 685; First vitamin A, E and K experiment; average 
daily gain by periods 
Added to ration/steer/day: 
Vitamin A (lU)^  0 100,000 0 100,000 
Vitamin E (lU) 0 0 100 100 
Vitamin K (mg.) 0 0 47 47 
Days on 
trial Replication Average daily gain (lb. ) 
14 1 4.00^  3.06° 3.60^  4.88° 
2 2.86^  3.74b 4.12^  3.24° 
• 3 3.71^  4.01^  4.O4C 4.86% 
Av.^  3.61 3.62 3.90 4.40 
27 1 4.10 4.26 4.58 5.86 
2 3.76 4.46 4.46 4.90 
3 4.22 4.18 4.60 4.49 
Av, 3.94 4.32 4.54 5.00 
41 1 3.38 3.72 3.96 5.40 
2 3.70 4.00 3.77 3.98 
3 3.42 3.65 4.18 4.08 
Av. 3.48 3.82 3.94 4.43 
56 1 2.62 3.34 3.52 4.62 
2 3.43 3.69 3.12 3.76 
3 3.42 3.30 3.79 5.09 
Av. 3.12 3.48 3.44 3.85 
70 1 2.68 3.09 3.44 4.22 
2 3.18 3.50 3.22 3.66 
3 3.32 3.17 3.50 3.30 
Av. 3.04 3.29 3.3 7 3.67 
R^eceived daily only during an 8-day period immediately prior to the 
start of the experiment. 
M^ean of 3 steers, 
M^ean of 2 steers. 
(^ Averages weighted on basis of number of steers per replicate. 
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Table 22. Experiment 704; Analysis of variance of average daily gain, 
average daily ration and feed per 100 pounds gain 
Mean squares 
Source d.f. Av. daily Av. daily Feed/cwt. 
gain ration gain 
Outcome group 11 0.1302 
Replication 1 0.0411 1.0800 200.0 
OGG/Rep. 10 0.1391 
Treatment 5 0.1388 0.2033 919.1 
Vits. E + K 1 0.4900& 0,8533 1850.0 
Vit, A levels 2 0.0756 0.0058 772.3 
Linear 1 0.1398 0,0012 13 52 .0 
Quadratic 1 0.0116 0.0104 192.6 
Vit. A X E + K 2 0.0264 0,0759 600,4 
OGG X treatment 54 0.0979 
Rep. X Trt. 5 0.0458 0.4120 515.5 
OCG/Rep. X Trt. 49 0.1032 
Total 70(11)^  0.1059 0.3779 
S^ignificant at P <.05. 
T^otal d.f. for average daily ration and feed per 100 pounds gain. 
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Table 23. Experiment 704: Analysis of variance of carcass grade and 
dressing percent 
Mean squares 
Source d.f. Carcass grade Dressing percent 
Outcome group 11 0.8131 0.8018 
Replication 1 0.2222 2.8090 
OCG/Rep. 10 0.8722 0.6011 
Treatment 5 0.9222 1.4356 
Vits. E+K 1 3.5556 3.3880 
Vit. A levels 2 0.2639 1.0210 
Linear 1 0.5208 1.8802 
Quadratic 1 0.0069 0.1618 
Vit. Ax E+K 2 0.2638 0.8740 
006 X Treatment 54 1.4887 1.0541 
Rep. X Trt. 5 1.1556 0.8306'' 
OCG/Rep. X Trt. 49 1.5227 1,0769 
Total 70 1.3421 1.0417 
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Table 24. Experiment 704: Analysis of variance of blood vitamin A, 
liver vitamin A and blood vitamin E 
Mean squares 
Blood Liver Blood 
Source d.f. vit. A vit. A vit. E 
Outcome group 11 63 .32 83, .395* 
Replication 1 92 .71 27 .257 6674. 1 
OGG/Rep. 10 60 .38 89, .009^  
Treatment 5 758 .58* 325, .641^  3483 7, .2^  
Vits. E+K 1 4 .16 13, .957 25668, .8^  
Vit. A levels 2 1848 .38^  803, .700^  313 70, .2* 
Linear 1 3648 .80^  1517, .625^  6 0 031, .lb 
Quadratic 1 47 .96 89, .776 2709, .4 
Vit. A X E+K 2 45 ,99 3. 423 42888. 2^  
OCG X Treatment 54 48 .42 34. 357 
Rep, X Trt. 5 80 .47 13. 949 3026. ,9 
OGG/Rep. X Trt, 49 45 .15 36. 439 
Total 70(11)C 101 .49 62. ,869 17817. ,7 
S^ignificant at P <.05. 
S^ignificant at P <.01. 
T^otal d.f. for blood vitamin E. 
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Table 25. Experiment 704: Second vitamin A, E and K experiment; average 
daily gain, average daily ration and feed per 100 pounds gain 
Added to ration/steer/day: 
Vitamin A (lU) 6,000 6,000 12,000 12,000 18,000 18,000 
Vitamin E (lU) 0 200 0 200 0 200 
Vitamin K Cms) 0 75 0 75 0 75 
Replication Average daily gain (lb.) 
1 2.69 3.24 3.45 2.42 3.32 3.26 
2.73 3.75 2.58 3.49 3.09 3.12* 
2.71 3.03 3.02 3.01 3.05 3.20 
3.26 3.15 2.17 2.84 2.03 2.47 
2,62 2.60 2.70 2.91 2,80 2.87 
2.94 2.85 2.99 2.97 2.54 2.40 
2 2.84 2.91 2.54 3.15 2,71 3v50 
2.68 2.81 2.83 . 2.99 2.73 2.80 
3.14 3.53 2.67 3.41 2,64 2.56 
2.66 2.77 2.91 2.99 2,50 2.67 
2.77 2.77 2.61 2.81 2.80 3.16 
3.07 2.50 2.79 3.12 2.86 2.35 
Av, 2.84 2.99 2.77 3.01 2.76 2.86 
Average daily ration (lb.) 
1 21.6 22.5 21.4 21.5 21.0 22.9 
2 21.1 21.0 21.2 21.8 21.2 2i;o" 
Av, 21.4 21.8 21.3 21.6 21.1. 22.0 
Feed/cwt. gain (lb . )  
1 766 726 759 731 750 792 
2 738 729 779 708 782 739 
Av.b 754 729 769 718 764 769 
C^alculated value. 
T^he feed per 100 pounds gain average was computed by dividing the 
daily ration average by the daily gain average. 
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Table 26. Experiment 704: Second vitamin A, E and K experiment; blood 
vitamin A, liver vitamin A, blood vitamin E and liver vitamin E 
Added to ration/steer/day; 
Vitamin A (lU) 6,000 6,000 12,000 12,000 18,00" 18,000 
Vitamin E (lU) 0 200 0 200 0 200 
Vitamin K (mg.) 0 75 0 75 0 75 
Replication Blood vitamin A (mcg./lOO ml. plasma)^  
1 17.5 21.1 40.2 23.8 33.7 37.1 
23.1 29.2 31.7 35.4 56.3 45.4b 
28.9 21.6 29.1 31.0 38.5 47.4 
34.8 27.5 37.3 41.4 51.1 46.9 
28.7 19.2 26.2 26.3 48.5 44.8 
36.2 20.0 47.9 46.0 42.2 36,4 
2 16.1 28.6 40.5 24.6 34.2 61.2 
14.0 29.9 31.0 27.4 44,9 42,6 
26.7 25.8 44.9 36.5 36,3 37.4 
17.3 32.8 33.5 34.7 35,5 25.7 
23.8 24.5 31.1 36.1 39.4 39.3 
16.4 20.9 46.2 32.6 36.5 41.8 
Av. 23.6 25.1 36.6 33.0 41.4 42.2 
Liver vitamin A (mcg./gm. fresh liver)^  
1 0.5 0.7 3.0 2.5 9.0 4.5 
0.6 1.2 3.2 2.8 3.2 9.8% 
16.5 0.6 1.7 3.1 12.0 25.2 
6.0 0.8 3.7 13.0 14.8 10.1 
-
9.4c 2.2 9.5 5.2 36.7 18.0 
1.7 2.2 12.9 11.2 ' 12.2 17.5 




Table 26. (Continued) 
Added to ration/steer/day! 
Vitamin A (lU) 6,000 6,000 12,000 12,000 18,000 18,000 
Vitamin E (lU) 0 2)00 0 200 0 200 
Vitamin K (mg.) 0 75 0 75 0 75 
Replication Liver vitamin A (mcg./gm. fresh liver)^  
2 0.5 1.3 6.6 2.3C 12.7 8.5 
0.4 3.1 2.8 1.3 5.5 9.5 
1.0 0.9 5.3 2.4 15.5 8.3 
0.2 3.4c 1.7 8.1 24.0 6.3 
1.1 0.8 3.8 4.6 9.9 7.1 
2.4 3.2 20.2 7.9 10.7° 39.6 
Av. 3.4 1.7 6.2 5.4 13.8 13.7 
Blood vitamin E (meg, total tocopherols/100 ml. 
plasma)^  
1 132 318 164 540 503 358 
2 166 244 226 404 405 287 
Av. 149 281 195 472 454 319' 
Liver vitamin E (meg, total tocopherols/100 gm, 
fresh liver)^  
Av. 457 973 560 987 610 1151^  
'^ Pooled sample of 5 steers. 
W^eighted on basis of number of steers per replicate. 
Pooled sample of 11 steers. 
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Table 2 7. Experiment 704: Second vitamin A, E and K experiment; carcass 
grade, dressing percent and liver weight 
Added to ration/steer/day; 
Vitamin A (lU) 6 ,000 6,000 12,000 12,000 18 ,000 18,000 
Vitamin E (lU) 0 200 0 200 0 200 
Vitamin K (mg.) 0 75 0 75 0 75 
Replication Carcass grade^  
1 7 7 6 7 9 7 
9 9 7 7 5 7b 
7 5 8 7 6 7 
7 7 9 7 7 7 
7 9 7 7 6 5 
5 5 8 7 7 7 
2 6 6 9 5 9 6 
8 7 7 8 6 6 
9 7 7 7 7 9 
8 7 7 7 7 5 
7 9 6 7 9 7 
7 6 6 6 9 6 
Av. 7.2 7.0 7.2 6.8 7.2 6.6 
Dressing percent^  
1 58.4 57.8 58 .9 58.8 59.6 59.2 
59.2 59.7 60 .0 59.1 58.1 58.9b 
60.3 59.2 58 .3 59.4 57.9 59.1 
58.8 58.9 61 .8 60.4 58.5 59.6 
61.4 61.5 59 .9 58.5 58.1 59.5 
60.6 58.4 59 .8 57.5 59.7 57.7 
High choice=9, average choice=8, low choice=7, high good=6 and 
average good=5. 
C^alculated value. 
D^ressing percent based on full weights off experiment and warm car­
cass weights shrunk 2.5 percent. 
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Table 27. (Continued) 
Added to ration/steer/day; 
Vitamin A (lU) 6,000 6,000 12,000 12,000 18,000 18,000 
Vitamin E (lU) 0 200 0 200 0 200 
Vitamin K (mg.) 0 75 0 75 0 75 
Dressing percent^  
2 59.2 5a.0 59.1 58.4 60.2 58.9 
58.8 59.3 59.9 58.7 57.0 59.1 
60.6 58.8 57.7 58.4 60.0 58.5 
58.3 57.9 59 ,8 60.0 59.2 58.4 
60.2 58.5 58.0 59.6 59.9 56.7 
59.7 57 A 58.3 58.2 58.0 59.6 
Av. 59.6 58.8 59.3 58.9 58.8 58.8 
Liver wt. , (lb. and % of B. W.) 
12.8-1.1 13.2-1.0 15.2-1.1 12.2-1.0 14.8-1.1 13.2-1.0 
13.8-1.3 16.0-1.2 11.8-1.2 16.0-1.3 14.0-1.3 14.3-I.2b 
12.2-1.0 13.2-1.1 13.0-1.1 12.2-1.1 11.5-1.0 14.5-1.2 
14.8-1.2 14.2-1.2 11.2-1.1 11.0-1.0 11.8-1.2 11.5-1.1 
10.8-1.0 11.8-1.1 12.8-1.2 11.8-1.1 12.0-1.1 13.2-1.2 
13.2-1.2 12.8-1.2 12.5-1.1 14.2-1.3 10.5-1.0 11.0-1.1 
12.8-1.3 11.5-1.1 10.8-1.1 14.8-1.4 9.8-1.0 14.8-1.3 
10.5-1.2 12.2-1.3 12.5-1.3 14.2-1.4 12.2-1.3 11.0-1.1 
13.8-1.2 13.8-1.2 11.8-1.2 14.0-1.2 10.5-1.1 10.2-1.0 
12.5-1.2 15.5-1.4 14.2-1.3 12.2-1.1 11.2-1.1 12.5-1.2 
12.2-1.1 13.4-1.3 9.5-0.9 14.5-1.3 11.8-1.1 14.2-1.2 
12.8-1.2 11.0-1.1 11.2-1.1 11.8-1.1 13 .3-1.2 11.2-1.1 
12.7-1.2 13.2-1.2 12.2-1.1 13.2-1.2 12.0-1.1 12.6-1.1 
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Table 28. Experiment 704: Second vitamin A, E and K experiment; average 
daily gain, average daily ration and feed per 100 pounds gain 
by periods 
Added to ration/steer/day ; 
Vitamin A (lU) 6,000 6> 000 12, 000 12,000 18,000 18, 000 
Vitamin E CIU) 0 200 0 200 0 200 
Vitamin K (mg.) 0 75 0 75 0 75 
Days on 
experiment Replication^  Average daily gain (lb.) 
28 1 3 .53 3 .95 3 .41 2 .79 4 .20 4 .11 
2 4 .21 4 .61 3 .65 4 .19 3 .41 3 .80 
Av. 3 .87 4 .28 3 .53 3 .49 3 .80 3 .96 
56 1 3 .13 3 .55 3 .39 3 .30 3 .3 7 3 .19 
2 3 .49 3 .40 3 .11 3 .75 2 .99 3 .48 
Av. 3 .31 3 .48 3 .25 3 .52 3 .18 3 .33 
84 1 2 .95 3 .46 3 .18 3 .24 3 .20 3 .22 
2 3 .3 5 3 .24 3 .04 3 .48 3 .15 3 .33 
Av. 3 .15 3 .3 5 3 .11 3 .36 3 .18 3 .28 
112 1 3 .03 3 .40 3 .19 3 .23 2 .81 3 .04 
2 3 .16 3 .18 2 .89 3 .33 2 .92 3 .17 
Av. 3 .10 3 .29 3 .04 3 .28 2 .86 3 .10 
140 1 2 .96 3 .25 3 .01 3 .17 2 .93 3 .05 
2 3 .07 3 .04 2 .92 3 .30 2 .86 3 .01 
Av. 3 .02 3 .14 2 .96 3 .24 2 .90 3 .03 
168 1 2 .77 3 .05 2 .80 2 .95 2 .77 2 .95 
2 2 .91 2 .82 2 .73 3 .02 2 .72 2 .87 
Av. 2 .84 2 .94 2 .76 2 .98 2 .74 2 .91 
176 1 2 .82 3 .10 2 .82 2 .94 2 .80 2 .89 
2 2 .86 2 .88 2 .72 3 .08 2 .71 2 .84 
Av. 2 .84 2 .99 . 2 .77 3 .01 2 .76 2 .86 
Average daily ration (lb . )  
28 1 17 .6 17 .0 16 .5 16 .7 17 .8 17 .9 
2 17 .9 17 .7 17 .4 17 .4 16 .5 16 .5 
Av. 17 .8 17 .4 17 .0 17 .0 17 .2 17 .2 
56 1 19 .5 19 .3 18 .4 18 .5 18 .7 19 .5 
2 19 .4 19 .3 18 .7 19 .1 18 .5 18 .5 
Av. 19 .4 19 .3 18 .6 18 .8 18 .6 19 .0 
84 1 20 .4 21 .0 19 .8 19 .6 19 .7 21 .0 
2 20 .4 20 .2 19 .4 20 .4 19 .4 19 .6 
Av. 20 .4 20 .6 19 .6 20 .0 19 .6 20 .3 
S^ix steers per replicate. 
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Table 28. (Continued) 
Added to ration/steer/day: 
Vitamin A (lU) 6,000 6,000 12,000 12,000 18,000 18,000 
Vitamin E (lU) 0 200 0 200 0 200 
Vitamin K (mg.) 0 75 0 75 0 75 
Days on Average daily ration (lb.) (contd.) 
experiment Replication^  
112 1 20.8 22.0 20.9 20,4 20.5 22.0 
2 20.6 20.7 20.1 21.1 20.3 20.3 
Av. 20.7 21.4 20,5 20.8 20.4 21.2 
140 1 21.2 22.2 21.1 21.1 20.6 22.6 
2 20.9 20.8 20.9 21.6 20.8 20.7 
Av, 21.0 21.5 21.0 21.4 20,7 21.6 
168 1 21.5 22,5 21.3 21.5 20,9 22.9 
2 2i.O 21.0 21.1 21.7 21,2 20.9 
Av. 21.2 21.8 21.2 21.6 21,0 21.9 
176 1 21.6 22.5 21.4 21.5 21.0 22.9 
2 21.1 21.0 21,2 21.8 21.2 21.0 
Av, 21.4 21.8 21,3 21.6 21.1 22.0 
Feed/cwt. gain (lb.) 
28 1 499 430 484 599 424 436 
2 425 384 477 415 484 434 
Av.^  460 407 482 487 453 434 
56 1 623 544 543 561 555 611 
2 556 568 601 509 619 532 
Av. 586 555 572 534 585 571 
84 1 692 607 623 605 616 652 
2 609 623 638 586 616 589 
Av. 648 615 630 595 616 619 
112 1 686 647 655 632 730 724 
2 652 651 696 634 695 640 
Av. 668 650 674 634 713 684 
140 1 716 683 701 666 703 741 
2 681 684 716 655 72 7 688 
Av. 695 685 709 660 714 713 
168 1 776 738 761 729 755 776 
2 722 745 773 719 779 728 
Av. 746 741 768 725 766 753 
176 1 766 726 759 731 750 792 
2 738 729 779 708 782 739 
Av. 754 729 769 718 764 769 
T^he feed per 100 pounds gain average was computed ly dividing the 
daily ration average by the daily gain average. 
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Table 29. Experiment 704; Second vitamin A, E and K experiment; live-
weight gains by periods of 2 sources of stear s 
Source; Kansas Native 
Trt.: Vits. E + K Controls Vits. E + R Controls 
Days Liveweight gain (lb. ) .  
28 101.3 105.8 121.3 102.9 
56 181.4 179.2 211.7 185.3 
84 266.2 257.5 301.0 273 .5 
112 347.5 334.2 383.3 338.8 
140 424.2 411.2 461.8 418,7 
168 476.0 461.1 522.1 476.4 
176 498.0 484.4 550.9 500.1 
Table 30, Experiment 100 (vitamin A depletion phase); Analysis of va­
riance of average daily gain, average daily ration and feed 
per 100 pounds gain 
Mean squares 
Source d.f, Av. daily gain Av. daily ration Feed/cwt. gain 
Origin 1 0.3698% 0,8450 59858.* 
Vits. E+K 1 0.1012 0.1800 6844. 
Error 5 0.0453 2.5430 6542. 
Total 7 0.0997 1.9629 14218. 
^Significant at P <.05. 
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Table 31. Experiment 100 (vitamin A repletion phase); Analysis of 
variance of average daily gain, average daily ration and 
feed per 100 pounds gain 
Mean squares 
Source d.f. Av. daily gain Av. daily ration Feed/cwt. gain 
Origin 1 0.4950& 0.7200 436178,b 
Vits. E+K 1 0.0120 0.4100 1300, 
Error 5 0.0571 3.3890 16694. 
Total 7 0.1132 2.5821 74421, 
S^ignificant at P <.05. 
S^ignificant at P <,01. 
Table 32. Experiment 100; Analysis of variance of blood vitamin A 
of steers 168, 224 and 280 days on trial and of final blood 
vitamin E 
Mean squares 
Blood vit, A Blood vit, A Blood vit. A Blood vit. E 
Source d.f. (168 days) (224 days) (280 days) (280 days) 
Origin 1 1.90 2.10 14.31 2888.0 
Vits. E+K 1 30,81 30,03 5.61 52164.5* 
Error 5 16.08 16.93 32.32 242 7.5 
Total 7 16.16 16.68 25.94 9598.6 
S^ignificant at P<.01. 
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Table 33. Experiment 100; Analysis of variance of liver vitamin A of 
steers 168, 224 and 280 days on trial 
Mean squares 
Source d.f. Liver vit. A Liver vit. A Liver vit. A 
(168 days) (224 days) (280 days) 
Origin 1 0.6050 0.0200 14.851 
Vits. E+K 1 0.5000 1.6200 0.001 
Error 5 0.4660 0.6640 10.921 
Total 7 0.4907 0.7086 9.923 
Table 34, Experiment 100; Analysis of variance of carcass grade and 
dressing percent 
Mean squares 
Source d.f. Carcass grade Dressing percent 
Origin 1 6.1250^  0.3608 
Vits. E+K 1 0.12 50 0.3613 
Error 5 0.9250 1.3613 
Total 7 1.5536 1.0755 
^Significant at P <.05. 
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Table 35. Experiment 100: Third vitamin A, E and K experiment; average 
daily gain, average daily ration and feed per 100 pounds gain 
for each of the vitamin A depletion and repletion phases 
Added to ration/steer/day: 
Vitamin E CIU) 0 200 0 200 
Vitamin K (mg.) 0 75 0 75 
Origin Part A. Vit. A depletion Part B. Vit. A repletion 
phase (first 168 days)»- phase (last 112 days)w-
no supp. vit. A fed supp. vit. A fed^  
Average daily gain (lb.) 
Kansas 2.43 2.39 1.73 1.54 
2.37 2.94 2.18 1.67 
Native 1.87 2.32 1.07 1.36 
2.15 2.07 1.30 1.40 
Av. 2.20 2.43 1.57- 1.49 
Average daily ration (lb.) 
Kansas 19.4 19.0 21.4 19.4 
15.6 17,7 20.6 17.3 
Native 17.3 18.7 17.9 20.8 
20.1 18.2 20.9 21.5 
Av. 18.1 18.4 20.2 19.8 
Feed/cwt. gain (lb.) 
Kansas 798 795 123 7 • 1260 
658 602 945 1036 
Native 925 806 16 73 1529 
935 879 1608 153 6 
Av.^  823 757 1287 1329 
F^ed 10,000 lU vitamin A/steer/day first 56 days and 30,000 lU 
vitamin A/steer/day last 56 days. 
T^he feed per 100 pounds gain average was computed by dividing the 
daily ration average by the daily gain average. 
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Table 36. Experiment 100; Third vitamin A, E and K experiment; liver 
weight, carcass grade and dressing percent 
Liver weight Carcass Dressin: 
Origin (lb.) (% of B.W.) grade^  percent 
Supp. vits. E and K fedw-ZOO lU vit. E and 75 mg. vit. K/steer/day 
Kansas 11.0 0.88 9 61.0 
12.0 0.90^  8 60.2 
Native 12.8 1.05 9 60.5 
11.0 0.96 9 62.8 
Av. 11.7 0.95 8.8 61.1 
No supp. vits. E and K fed 
Kansas 10.0 0,80 8 62.0 
13.0 1.04C,d 7 59.6 
Native 10.5 1.02 10 60.3 
9.8 0.85 11 60.9 
Av. 10.8 0.93 9.0 60.7 
Average prime=ll, low prime=10, high choice=9, average choice=8 
and low choice=7. 
D^ressing percent based on full weights off experiment and warm 
carcass weights shrunk 2.5 percent. 
I 
"^ Abscessed liver, 
L^iver was condemned in slaughter house for having an abscess; how­
ever an abscess couldn't be found when the liver was more critically 
examined in nutrition laboratory. 
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Table 37. Experiment 100; Third vitamin A, E, and K experiment; blood and liver vi 
Part A. Vitamin A depletion phase no 
supp. vit. A fed 
Time on e 
0^  28 _56 84 112 140 
Origin Blood^  Liver*^  Blood Liver Blood Liver Blood Liver Blood Liver. Blood L 































































































Av. 27.8 39.8 30,0 20,4 23.4 10.2 18,6 5,0 11,8 1,4 10,1 
F^ed 10,000 lU vitamin A/steer/day first 56 days and 30,000 lU vitamin A/steer 
E^ach figure represents an average for a duplicate, except where indicated oth 
B^lood vitamin A expressed as mcg./lOO ml, plasma. 
i^ver vitamin A expressed as mcg./gm. fresh liver. 
®Blood total tocopherols expressed as meg./EX) ml. plasma. 
*Only 1 determination. 
Lood and liver vitamin A values by 28-day periods plus final blood vitamin E values 
3 Part B, Vitamin A repletion phase — 
fedsupp, vit. A^  
Time on experiment in days 
112 140 168 196 .. 22 4 2 52 2 80 
Dd Liver. Blood Liver Blood Liver Blood Liver Blood Liver Blood Liver Blood Liver Blood® 
E and K fed—-200 lU vit. E and 75 mg. vit. K/steer/day 
3 0.6* 9.1 0.6* 9.1 0.5* 21.7 1.1* 27.5 1.3* - - 26.7 10.4 401 
5 18.3* 27.2 10.4* 18.5 2.5* 24.8 3.0* 23.8 3.3* 
-
32.2 16.6 302 
) 0.3* 11.7 0.3* 18.8 0.5* 21.4 0.6* 35.1 1.4* 38.2 12.1 268 
3 1.2* 13.2 0.5* 12.7 0.6* 24.8 1.8 28.0 2.6* 
-
30.7 18.3 308 
5 5.1 15.3 3.0 14.8 1.0 23.2 1.6 28.6 2.1 
-
32.0 14.4 320 
No ëupp. vits. E and K fed 
) 2.1* 12.8 0.6* 12.3 0.6 23.5 1.4 25.9 .:li7 M 39.2 14.4 121 
> 2.8* 8.7 0.8* 13.3 0.6* 23.1 1.1* 27.4 0.7* 
- -
38.4 10.6 208 
L 0.6* 9.9 0.6* 9.0 0.5* 12.6 1.4* 21.4 1.2* 28.1 14.4 126 
I 0.2* 9.1 0.4* 8.8 0.4* 18.4 1.1* 24.2 1.4* 
-
28.8 18.1 178 
i 1.4 10.1 0.6 10.8 0.5 19.4 1.2 24.7 1.2 33.6 14.4 158 
J vitamin A/steer/day last 56 days, 
ire indicated otherwise. 
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Table 38, Experiment 100: Third vitamin A, E and K experiment; average 
daily gain, average daily ration and feed per 100 pounds gain 
by 28«day periods for each of the vitamin A depletion and re* 
pletion phases 
Added to ration/steer/day: 
Vitamin E (lU) 0 200 0 200 
Vitamin K (mg.) 0 75 0 75 
Days on Part A, Vit. A depletion Part B. Vit, A repletion 
respective phase (first 168 days)w« phase (last 112 days)-» 
treatment Origin no supp, vit, A fed supp. vit. A fed& 
Average daily gain (Ib.)b 
28 Kansas 3.63 3.99 1.12 0.75 
Native 3.54 3.41 0.81 2.12 
Av. 3.58 3.70 0.96 1.18 
56 Kansas 3.28 3.10 2.29 1.68 
Native 2.82 2.69 1.42 1.86 
Av, 3.05 2.90 1.86 1.77 
84 Kansas 2.91 3.10 2.28 1.64 
Native 2.38 2.69 1.24 1.70 
Av. 2.64 2.90 1.76 1.67 
112 Kansas 2.55 2.97 1.96 1.60 
Native 2.18 2.48 1.18 1.38 
Av. 2.36 2.72 1.57 1.49 
140 Kansas 2.47 2.85 
Native 2.06 2.43 
Av. 2.26 2.64 
168 Kansas 2.40 2.66 
Native 2.01 2.20 
Av. 2.20 2.43 
Average daily ration (Ib.)^  
28 Kansas 16.7 17.2 20.2 18.4 
Native 19.2 16,6 19.3 20.0 
Av. 18.0 16.9 19.8 19.2 
F^ed 10,000 lU vitamin A/steer/day first 56 days and 30,000 lU 
vitamin A/steer/day,last 56 days. 
E^ach figure represents a mean of 2 steers. 
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Table 38. (Continued) 
Added to ration/steer/day; 
Vitamin B (lU)^  0 





Days on Part A. Vit. 
respective phase (first 
treatment Origin no supp. vit. 
A depletion 
158 days)— 




Vit. A repletion 
(last 112 days)**" 
vit. A fed& 
Average daily ration (.Ib.)^  
56 Kansas 17.6 17.0 20.5 19.6 
Native 19.5 17.7 17.4 20.9 
Av. 18.6 17.4 19.0 20.2 
84 Kansas 17.4 17.8 20.8 18.0 
Native 19.1 18.2 19.6 21.4 
Av. 18.2 18.0 20.2 19.7 
112 Kansas 16.7 18.1 21.0 18.4 
Native 18.6 18.1 19.4 21.1 
Av. 17.6 18.1 20.2 19.8 
140 Kansas 17.3 18.3 
Native 18.7 18,3 
Av. 18.0 18.3 
168 Kansas 17.5 18.4 
Native 18.7 18.4 
Av. 18.1 18.4 
Feed/cwt. gain (Ib.)^  
28 Kansas 460 431 1804 2453 
Native 542 487 2383 943 
Av.c 503 457 2062 162 7 
56 Kansas 53 7 548 895 1167 
Native 691 658 1225 1124 
Av. 610 600 1022 1141 
84 Kansas 598 574 912 1098 
Native 803 677 1581 1259 
Av. 689 621 1148 1180 
112 Kansas 655 609 1071 1150 
Native 853 730 1644 1529 
Av. 746 665 1287 1329 
140 Kansas 700 642 
Native 908 753 
Av. 796 693 
168 Kansas 729 692 
Native 930 836 
Av. 823 757 
T^be feed per 100 pounds gain average was computed by dividing the 
daily ration average by the daily gain average. 
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Table 39. Experiment 723; Analysis of variance of average daily gain, 
average daily ration and feed per 100 pounds gain 
Mean squares 






Outcome group 11 0.1376 
Replication 1 0.2256 4.9408 184.1 
OGG/Rep. 10 0.1288 
Treatment 5 0.3107% 2.5315 1034.8 
Vit. ÏÏ 1 0.0861 0.0408 1474.1 
Vit. A levels 2 0.5996* 5 . 5425^  1174.8 
Linear 1 0.9130^  10.1250% 512.0 
Quadratic 1 0.2862 0.9600 1837.5 
Vit. A X E 2 0.1342 0.7658 675.1 
OCG X Treatment 47 0.0925 
Rep. X Trt. 5 0.0577 0.9088 3 78.9 
OGG/Rep. X Trt. 42 0.0967 
Total 63(ll)b 0.1177 2.0130 659.3 
S^ignificant at P <.05. 
T^otal d,f. for average daily ration and feed per 100 pounds gain. 
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Table 40. Experiment 723; Analysis of variance of carcass grade and 
dressing percent 
Mean squares 
Source d.f. Carcass grade Dressing percent 
Outcome group 11 4.0644 2.3609 
Replication 1 13.3472& 9.9800 
OGG/Rep. 10 3.1361 1.5990 
Treatment 5 0.7250 1.7040 
Vit. E 1 0.0138 3.4700 
Vit. A levels 2 1.2916 0 . 73 00 
Linear 1 0.3333 0.2269 
Quadratic 1 2.2500 1.2284 
Vit. A X E 2 0.5140 1.7950 
GGG X Treatment 47 1.3307 2.2249 
Rep, X Trt. 5 0.9472 5.7720 
- OGG/Rep. X Trt. 42 1.3 763 1.8026 
Total 63 1.7599 2.2073 
Significant at P <.05. 
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Table 41. Experiment 723; Analysis of variance of blood vitamin A, 
liver vitamin A and blood vitamin E 
Mean squares 
Source d.f. Blood Liver Blood 
vit. A vit. A vit. E 
Outcome group 11 333 .63^  10. ,212^  
Replication 1 1 .50 0, 234 6674, .1 
OGG/Rep. 10 33 .21 11. 210^  
Treatment 5 3154 .39^  958. 645^  3 483 7, .2'' 
Vit. E 1 2 .96 0. Oil 129584. 1^  
Vit. A levels 2 7821 .77b 2394. 006^  11835. 8 
Linear 1 15476 .49b 3 750. 635^  53 56. 1 
Quadratic 1 167 .06^  1037. 377b 18315. 4 
Vit. A X E 2 62 .72 2. 600 10465. ,1 
OCX? X Treatment 47 31 .73 10. 550^  
Rep. X Trt. 5 15 .85 0. 644 3026. ,9 
OGG/Rep, X Trt. 42 33 .62 11. 729 
Total 63(11)C 279 .31 85. 736 17817, ,7 
S^ignificant at P <.05. 
S^ignificant at P <.01. 
T^otal d.f. for blood vitamin E, 
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Table 42. Experiment 723: Fourth vitamin A and E experiment; average 
daily ration and feed per 100 pounds gain 
Added to ration/steer/day: 
Vitamin A (lU) 0 0 6,000 6,000 36,000 36,000 
Vitamin E (lU) 0 200 0 200 0 200 
Replication 
1 
Average daily gain (lb.) 
Av. 
2.00 2.84 2.65% 2.71 2.31 2.64* 
3.01 2.10 3.35 2.47 2.54 2.78 
2.24 2.07 2.94 2.24 2.78 2.94 
2.12 2.38 2.22 2.71 2.34 2.49a 
1.92 2.60 2.26 3.02 2.37 2.43 
2.17 2.53 3.03 3.12 3.00 2.76 
2.53 2.56 2.98 2.90* 3.35 2.72 
2.79 2.76% 2.87 2.72 2.93 2.89 
2.19a 2.67 2.27 2.78 2.45 2.56 
2.04 2.81 2.67 2.80 2.70 2.74a 
2.78 2.73 2.75 2.14 2.63 2.94 
2.00 2.51% 2.83 2.44 2.84 2.84 
2.32 2.55 2.74 2.67 2.69 2.73 
Average daily ration (lb.) 
1 22.1 22.3 25.6 25.0 25.0 25. 
2 24.0 25.8 25.7 24.8 26.5 26.: 
Av. 23.0 24.0 25.6 24.9 25.8 25. 
Feed/cwt. ; gain (lb.) 
1 987 921 934 923 977 9il 
2 1004 966 941 943 940 946 
Av.b 991 941 934 933 959 945 
Calculated value. 
The feed per 100 pounds gain average was computed by dividing the 
daily ration average by the daily gain average. 
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Table 43, Experiment 723; Fourth vitamin A and E experiment; carcass 
grade and dressing percent 
Added to ration/steer/day: 
Vitamin A (lU) 0 









Replication Carcass grade^  
1 7 6 7b 7 7 7b 
6 6 8 7 7 7 
9 7 8 7 7 9 
9 9 7 7 6 7b 
7 7 8 6 8 7 
6 8 9 8 7 7 
2 8 7 6 7b 7 7 
7 7b 7 8 8 6 
9b 10 12 10 7 7 
8 8 8 7 8 8b 
7 10 10 9 9 9 
7 9b 7 11 9 9 
Av. 7.5 7.8 8.1 7.8 7.5 7.5 
Dressing percent^  
1 60.0 61.2 61.7b 60.8 64.5 61.2b 
60.2 59.2 59.8 61.3 61.9 60.9 
60.6 62.8 60.4 58.3 62.6 60.7 
59.9 62.4 60.5 60.9 64.7 61.2b 
62.5 62.3 59.9 62.1 61.8 62.6 
59.8 61.4 60.7 62.0- 60.1 60.4 
2 61.9 62.2 60.6 59.7b 57.5 59.6 
60.5 61.3b 61.5 59.0 61.7 62.1 
61.lb 62.0 60.2 61.6 62.2 59.2 
61.1 58.5 61.8 58.9 59.0 59.4b 
62.2 59.1 61.9 58.9 60.4 59.5 
61.0 60.6b 62.7 60.3 58.9 58.4 
Av, 60.9 61.1 61.0 60.3 61.3 60.4 
H^igh prime=12, average prime=ll, low prime=10, high choice=9, aver­
age choice=8, low choice=7 and high good=6. 
C^alculated value. 
D^ressing percent based on full weights off experiment and warm car* 
cass weights shrunk 2,5 percent. 
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Table 44. Experiment 723: Fourth vitamin A and E experiment; blood vita­
min A, liver vitamin A and blood vitamin E 
Added to ration/steer/day; 
Vitamin A (lU) 0 0 6,000 6,000 36,000 36,000 
Vitamin E CIU) 0 200 0 200 0 200 
Replication Blood vitamin A (meg./ml. plasma)^  
1 11,6 15.5 27.3b 31.1 53.8 49.7b 
20.7 8.0 31.0 32.5 48.9 56.0 
15,0 13.8 25.0 22.0 52.0 53.0 
11,7 19.0 19.9 23.3 38.1 44.2b 
15.6 12.3 24.5 32.0 52.6 51.4 
12,0 19.5 32.4 31.5 56.5 44.6 
2 14,9 13.6 37.9 33.8b 49.6 53.4 
12,2 13.5b 23.4 33.3 55.8 47.5 
12.5b 8.9 21.8 32.7 56.9 38.2 
10.5 10.5 29.7 39.0 37.6 47.3b 
15,9 12.3 18.4 26.2 60.9 58.0 
19,5 11.lb 25.7 29.1 43.7 42.3 
Av. 14,3 13.2 26.4 30.5 50.5 48.8 
Liver vitamin A (mcg./gm. fresh liver)& 
1 0,6 0.4 0.4b 0.7 13.2 17.3b 
1.0 0.3 4.5 0.4 8.8 15.8 
0,5 0.6 1.4 0.5 25.6 25.9 
0,4 0.9 1.1 1.1 27.3 20.4b 
0,5 0.6 0.9 0.7 20.8 17.0 
0.6 0.5 1.0 1.2 14.1 14.2 
2 0.4 0.4^  2.1 0.5b 17.0 16.6 
0.51 l.Ob 0.6 0.6 16.0 24.2 
0,2b 0.3 0.7 1.4 22.7 12.7c 
0.2c 0.4 5.6 2.5 19.0 19.8b 
0.3 0.3 0.4 0.6 18.0 13.4 
0.5 0.3b 0.4 1.3 11.4 _24.8 
Av. 0.5 0.5 1.6 1.0 17.8 18.5 
Blood vitamin E (meg.total tocopherols/100 ml. 
plasma) 
1 132 540 318<i 503 164 358® 
2 166^  404e 244 405d 226 287d 
Av.f 147 486 278 458 195 319 
&Each figure represents an average for a duplicate, 
C^alculated value, 
A^bscessed liver, 
dpooled sample of 5 steers, 
P^ooled sample of 4 steers. 
Average weighted on basis of number of steers per replicate. 
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Table 45. Experiment 723: Fourth vitamin A and E experiment; average 
daily gain by periods 
Added to ration/steer/day: 
Vitamin A (lU) 0 0 5,000 6,000 36,000 36,000 
Vitamin E (lU) 0 200 0 200 0 200 
Days on 































































































































Table 46. Experiment 723; Vitamin A reserves of 12 steers 58 days on 
experiment 
Liver vitamin A (mcg./gm. fresh liver) 
5.0 m Ô75 074 
12.7 6.0 27.3 17.3 Av. of 6.7+8.3 
4.4 2.2 1.2 1.8 
Table 47. Experiment 73 5: Time study on the influence of dietary vitamin A on blood vitamin A 
Part A. Fed ground ear corn 
Time on 
Part B. Fed crimped oats 
experiment in days 
0 1 2 3 4 5 6 7 8 9 10 11 

















































Av. 21.4 27.9 28.9 23.4 24.9 25.2 27.3 27.8 25.1 23.6 19.7 19.0 

























Av. 20.6 21.7 21.0 22.0 21.8 19.9 19.7 19.0 17.6 17.2 17.3 19.2 
V^itamin A was first fed following the afternoon bleeding on day 0 and fed once daily through 
p.m. feed of day 6, after which time none of the steers received any supplemental vitamin A, 
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Table 43, Experiment 735: Analysis of variance of blood vitamin A 
of steers 7 days on trial 
Source d.f. Mean squares 
Blood vit. A 
C7 days on trial) 
Vit. A 1 102.67 
Error 4 34.14 
Total 5 47.84 
